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MR. BARNUM’S WHITE ELEPHANT. 


freaks of Nature—and are rarely born. It is believed 
Siam that the bodies of these white elephants are tenanted 


by the spirit of Buddha, and ofall their kings and princes. | 
Hence, these animals are held to be sacred; and when one} 


is found in Siam a great fete day is appointed, the King, 


Court, and priests join in solemn ceremonies, and the newly ' length, after months of diplomacy and bribery, a sacred | 
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F 
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| owned by a Siamese nobleman. He ugreed to pay 100,000 
| dollars for it. 
THERE is no breed of white elephants. They are albinos— | 
in | died of poison, intentionally administered by some unknown | 
| modified, after their custom, into *‘Old Tongue.” 

He now offered | 
This aroused | being only fifteen years old, is still in his boyhood. 


It was smuggled down to Moulmein, but, 
when on the point of being transshipped to Singapore, it 


person. 
Nil desperandum is Mr. Barnum’s motto. 

200,000 dollars for a sacred white elephant. 

the zeal 


of hundreds of active fortune hunters, and at} been recbristened Buddha. 





\ Scientific American Supplement. $5 a year. 
/ Scientific American and Supplement, $7 a vear. 


dare not trust him on the Atlantic before the month of 
June, 

In his own country this elephant was called Toung 
Taloung, a name which the sailors on board the Tenasserim 
As re 
gards the adjective this is a misnomer, for the new comer, 
He has 
His tusks are remarkably fine, 


At the Zoological Gardens he occupies the apartment for- 





MR. BARNUM’S WHITE BURMESE ELEPHANT “TOUNG TALOUNG.” 


discovered living tomb of great spirits is installed in the 
Sacred Elephant Palace. 

Mr. Phineas T. Barnum, the famous showman of Jeuny 
Lind, General Tom Thumb, the Great American Museum, 
the Only Jumbo, the Greatest Show on Earth, etc., etc., is 
now in bis seventy-fourth year, in perfect health, and as 
lively asa cricket. He bas long desired to possess a white 
elephant. 

He sent an agent, Mr. J. B. Gaylord, to Siam, with orders 
to buy or hire from the King one of these creatures. The 
Siamese Court met the proposition with an indignant refusal. 
Nothing daunted, Mr, Gaylord beard of a white elephant 


B53 


white elephant was purchased from King Theebaw of Bur- 
mah, the royal documents which record the transaction set- 
ting forth its genuineness, 

his creature is seven feet six inches high, and of a pie- 
bald color. His face, ears, the front of his trunk, his front 
feet, and part of his breast, are of a pinkish flesh color; the 
rest of his body is of a light ashen hue. 

He arrived at Liverpoo) last week by the steamship Tenas- 
serim, and was at once taken on a special car, by the London 
and North-Western Railway Company, to the Zoological 
Gardens in the Regent’s Park. He will probably also be 
exhibited in Paris before going to America, as his owners 


merly tenanted by the much lamented Jumbo, who went 
last year to push his fortunes in the New World. The house 
in question has been done up for Buddha’s reception, and 
the walls and pilasters in front of the stall have been draped 
in green baize. 

On Saturday and Sunday last Buddha held grand recep- 
tions, and, despite the season of the year, the Zoo was crowd- 
ed. Much interest was felt in Buddha’s mahout, Radum 
Raddi, a balf-bred Burmese, from the neighborhood of 
Mandalay. He was dressed in full national costume, and the 
contrast between the white of his dress and his dark, flowing 
bair was most picturesque. 

i 
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People were undeniably disappointed in Buddha's color. 
They bad hoped to-see a creature looking as Jumbo might 
look, supposing him to have previously tumbled into a gi- 
gantic flour bin. ‘‘ Why do they call him white?” asked 
a puzzled lady. ‘‘ Well, ma’am,” was the reply of an attend- 
ant, ‘he’s not wherry white, perhaps, but then you see he’s 
werry sacred.”—London Graphic. 
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THE ORIGIN OF CORAL REEFS. 


By Arcuratp Gerkiz, LL.D., Director-General of the 
Geological Survey of Great Britain, etc. 


So much additional information has in recent years been 
obtained regarding the physical and biological conditions of 
the sea that such a problem as that presented by the coral 
islands of mid-ocean may well be reconsidered. Several 
able naturalists have lately called attention to this problem, 
and have insisted that the generally received solution of it 
is not satisfactory. Among geologists there may not un- 
reasonably be a good deal of unwillingness to admit that 
this contention can be well founded. They have long been 
accustomed to regard Darwin’s theory of coral formation 
with justifiable pride as a masterpiece of exhaustive observa- 
tion and brilliant generalization. It has played an important 
part in their speculations regarding the larger movements 
of the earth’s crust, and they have been so deeply impressed 
with its simplicity, and the grandeur of the conclusions to 
which it leads, that they will naturally and rightly refuse to 
surrender any portion of it save under the sirongest com- 
pulsion of evidence. Some, indeed, may be inclined even 
to resent, almost with the warmth inspired by a personal in- 
jury, any —- to show that it can no longer claim the 
general applicability which has been regarded as one of the 
strongest arguments in its favor. But the example of Dar- 
win’s own candor and overmastering love of truth remains 
to assure us that no one would have welcomed fresh dis- 
coveries more heartily than he, even should they lead to the 
setting aside of some of his own work. I propose to give 
here somewhat in detail the more important data accumu- 
lated in recent years on this subject, and to state the con- 
clusions to which a careful consideration of the evidence 
seems to me inevitably to lead. 

Before the memorable voyage of the Beagle, the generally 
received opinion regarding the origin of the circular coral 
reefs or atolls of mid-ocean was that they had grown up on 
the rims of submerged volcanic craters. The enormous 
size of some of the atolls—thirty miles in diameter—might 
have been thought a sufficiently formidable objection to this 
explanation. But it did not appear insuperable even to so 
cautious a philosopher as Lyell, who only noticed it to refer 
his readers to the great dimensions reached by truncated 
voleanic cones, which he thought might retain their forms 
more easily under a deep sea than on land.* 

An earlier and better theory, as Darwin admitted, had 
been started by Chamisso, who supposed that the circular 
form of an atoll was due tothe fact that, as the more massive 
kinds of coral thrive most vigorously in the play of the surf, 
they naturally keep to the outside of the reef, and raise that 
portion to the surface first. But when Darwin’s own views 
were published, first in abstract before the Geological So- 
ciety in 1837, and subsequently more fully in his separate 
volume on the structure and distribution of coral reefs in 
1842, they were soon generally accepted, and were regarded 
not only as affording a satisfactory explanation of the whole 
phenomena, but as comprising one of the most impressive 
generalizations with which geology, fertile in such achieve- 
ments, had yet astonished the world. 

The theory pro by Darwin, now so familiar, con- 
nected all the types of reef together as stages of one lon 
process, every step in which could be illustrated by actu 
examples. At the one end stood the fringing reefs, some of 
which might only lately have been started upon a recently 
upraised sea bottom. Out of this stage, by continuous or 
intermittent subsidence, came barrier reefs. Then as de- 
pression went on and the islands encircled by the barrier 
reefs disappeared, their sites were taken by atolls. Lastly, 
where the rate of subsidence was too rapid for the u 
ward wth of the corals, an atoll might Speman sab: 
merged bank. Not only was this explanation self-consistent, 
but it harmonized well with the conclusion, derived from 
totally different evidence, that there may have been wide- 
spread and long-continued subsidence over the ocean basins. 
It was moreover supported by the independent testimony of 
competent observers, who, with at least equal opportunities 
of studying the subject, had espoused Darwin’s views. 
these witnesses the most important was undoubtedly Prof. 
Dana, who accompanied the Wilkes expioring expedition 
of 1888-42. Another powerful ally was found in Mr. 
Couthouy, who had studied coral growth in the Pacific and 
in the West Indian seas.t Buteven without the concurrent 
testimony of eye-witnesses the theory proposed by Darwin 
fitted so admirably into the geological theory of the day that 
it came itself to be used as one of the most cogent proofs of 
Vastoceanic depression. And such is still the position 
which it holds. 

By a gradually widening circle of observation, however, 
a series of facts bas been established, which were either not 
known or only partially known to Darwin. It should be 
borne in mind that, compared with more receut explorers, 
he did not enjoy a large opportunity of investigating coral 
reefs. So far as can be judged from his published works, 
he appears to have examined only one atoll—the Keeling 
reef ; and one barrier reef—that of Tahiti. The Admiralty 
charts, the work of previous voyagers, and unpublished in- 
formation communicated to him, enabled bim to extend his 

ization over the whole of the rest of the coral regions 

which he had not personally explored. The deep sea expe- 
ditions of recent years have now brought so much new light 
to bear on the whole question that we are in a much better 
ion to discuss it than he was, nearly half a century ago. 

f a few of the more important investigations a brief resume 
may here be given, and their bearing upon Darwin’s theory 
of coral reefs will then be discussed. 

As far buck as the year 1851 the late L. Agassiz stated 
that, in his opinion, the theory of subsidence could not be 
applied in explanation of the Florida reefs; that on the con- 
trary the southern end of Florida is built up on successive 
concentric barrier reefs which have been gradually conuect- 
ed and cemented into continuous dry land by the accumu- 
lation of mud flats between them, and that this process is 
atill going on and must eventually convert the present keys 


* “ Principles of Geology,” 4th edit. (1835), vol. ifi., p. 310. 
+ The narrstive cumising Tost. Donal Ae a 
was among reports t expedition. pub- 
a@volume on “Coral and Coral Reefs,”’ where he again gave the 
t of his anthority to the theory of subsidence. 
+ * Boston Journ. Nat Hist.,” iv. (1848-44), p. 187. 





and reefs from Cape Florida to the Tortugas into similar 
land.* 

In 1868 Prof. Carl Semper published the results of his re- 
searches among the Pelew Islands. He found himself up- 
able, by the theory of subsidence, to account for the 
phenomena there presented, and threw doubts on the general 
applicability of that theory. He pointed out that while the 
southern islands, probgbly once atolls, consist of coral rock, 
upraised from 400 to feet above the sea, and are flanked 
by living coast reefs, true living atolls exist at the northern 
end of the group. He contended that there is absolutely no 
evidence of subsidence, that the association of all the dif- 
ferent kinds of reefs within so circumscribed an area seems 
entirely to disprove the notion of subsidence, and that, at 
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least in this group of islands, Darwin’s theory cannot be 
applied. In some suggestive observations on their probable 
origin, he remarks that the reefs depend mainly for their 
form upon the nature of the bottom on which they begin. 
Atolls are formed on submarine banks. A species of Porites 
takes root in little colonies varying from the size of the fist 
to masses six or eight feet in diameter. In time the central 
portions of these growing colonies die, while the outer parts 
flourish and gradually build up a ring of coral. This ring, 
which may be circular or elongated in form, is sometimes 
continuous, but more commonly is traversed by one or more 
channels The interior portions are scoured out and deep- 
ened by the tidal currents. Orif the form of tbe bottom 
and other conditions be suitable, a great <n | individual 
masses of coral gradually grow into a more or less continu- 
ous reef, through which the strong ebb and flow of the tides 
serve to keep open some channels. Thus fringing reefs, 
through the scour of the sea, become barrier reefs, which 
retreat from the adjacent coast in proportion to the gentle- 
ness of the slope on which they are built. Ona steeply 
shelving sea bottom the reefs must obviously remain fring- 
ing reefs. 

r. Semper admitted that possibly many atolls and barrier 
reefs were formed during subsidence, and even thut the 
downward movement may in many cases have furnished the 
conditions for starting them into existence. The solution 
of the problem ought in each case, he thought, to be deter- 
mined “ actual detailed observation. But that the alternate 
currents of the tides are the main agents in the building of 
coral reefs could be proved, be maintained, by many cases 
which, on the theory of subsidence, must be regarded as ex- 
ceptional of inexplicable, such as the occurrence of true 
atolls in the midst of areas of elevation.+ 

In the second edition of his ‘‘ Coral Islands,” published 
in 1874, Darwiu briefly referred to these observations. He 
thought it not improbable that the Pelew Islands originally 
subsided, were afterward upraised, and again subsided, but 
admitted that the proximity of fringing reefs was opposed to 
his views. He suggested that if the submarine slope were 
steep, reefs which began as fringing reefs would continue to 
be of that form, even during subsidence. There is, how- 
ever, no admission that any valid objection had been made 
to his theory, or that true atolls and barrier reefs might be 
formed in many places without subsidence. 

In 1868 Prof. Semper reiterated his dissent from the pre- 
vailing theory of coral reefs.t Next year he reprinted his 
original paper (which seemed to him to have remained un- 
known to most naturalists) in a general account of the 
Philippine Islands, wherein he appended some additional 
notes.§ In one of these he refers to the observations of 
Pourtales and others on a submarine calcareous deposit 
which in some regions is being slowly upraised to serve as a 
foundation for coral reefs. To the objection that if atolls 
and barrier reefs could be formed during a period of eleva- 
tion, they ought to be found not merely at, or only slightly 
above, sea level, he replies that they are not in fact confined 
to that limited zone, but that, even if they were, this would 
not invalidate his conclusion that the reefs are due to acom- 
plex co-operation of coral growth with the waves and cur- 
rents of the sea, and not to the one cause—the subsidence of 
entire regions—invoked by Darwin, 

In the following year another contribution to the anti- 
subsidence literature was made by Dr. J. J. Rein, who, in 
an interesting memoir on the physical geograpby of Ber- 
muda, offered’ some observations on the coral reefs of those 
islands.| He suggested that the Bermuda group might 
originally have been a submarine mountain or bank on which 
colonies of deep-water corals took root, and where other 
organisms flourished in such abundance.as gradually to raise 
the top of the a ground to the zone in which reef- 
building corals could flourish. He adduced no evidence in 
support of this suggestion further than that there is no 
subsidence, which, however, as Dar 
win had so cogently shown, from the very fact of the move- 
ment being downward, is in most cases not to be looked 
for. 

Ao important memoir, marking a totally new departure 
in coral reef literature, appeared in 1880, containing an ab- 
stract of observations made by Mr. Murray during the great 
voyage of the Challenger. The chief features of this con- 
tribution may be thus briefly summarized : 

With hardly an exception the oceanic islands are of vol- 
capic origin, arid it is therefore to be presumed that the 
submarine ridges and peaks, which rise to within various 
distances from the surface, are likewise due to the protru- 
sion of volcanic materials. There is thus no actual evidence 
of the still unsubmerged portions of any extensive continent 
or mass of Jand such as Darwin’s theory requires. Whether 
built up above the sea level into islands, or brought up to 
varying heights below that level, the volcanic eminences of 
the ocean may conceivably be brought into the condition of 
platforms for reef builders by two causes. In the first place, 
the erosive force of waves and tidal scour must tend to re- 
duce all prominent oceanic summits to the lower limit of 
breaker action, and thereby to produce truncated cones or 
flattened domes and ridges on which coral reefs, if not 
already established, might spring up. In the second place, 
submarine eminences may have been brought up to withiu 
the zone of the reef buiiders by the deposit of organic detri- 
tus upon them, One of the most remarkable results of 
recent deep sea exploration bas been the accumulated evi- 
dence of the extraordinary profusion of pelagic life in the 
tropical surface waters. From experiments made during 
the cruise of the Challenger, Mr. Murray estimated that, if 








** Ball. Mus. Comp. Zool.,” vol. i. See also J. Le Conte, “ Silliman’s 
Journal,” xxiii, (1857), p, 46, and E. B, Hunt, op. cit., xxxv. (1868), p. 388. 

+ “ Zeitech. Wissensch, Zoologie ” (1868), xiii., p. 588. Reprinted in 
in “ Die Philippinen und thre Fal with stditional Tees 

: ; Verhandl. Physik-med, Geselisch. Wurzburg; Sitzungsber.,"’ Febra- 
ary 1, 1868. 

* Die Philippinen und fhre Bewohner.” Wurzburg, 1869, 100-109. 
4 «+ ahehepemelemedes the Philippine Islands wilt be found 

pp. 
§** Bericht, Senckenberg. Naturforsch, Geselisch."’ (1869-70), p. 157. 





4“ Proc. Roy. Soc, Edin." (1879-80), x., p. 505, 





the organisms are as numerous down to a depth of 100 
fathoms as they were found to bein the track of the tow- 
net, there must be more than sixteen tons of carbonate of 
lime in the form of calcareous shells in the uppermost bun. 
dred fathoms of every square mile of ocean. e shells and 
skeletons of these organisms fall in a constant rain to the 
bottom, where they supply some of the food needed by the 
fauna which there subsists upon the mud. By the accumu- 
lation partly of tbese superficial exuvie, partly of the 
remains of the creatures living at the bottom, an organic 
deposit is os over the sea floor in the tropical regions 
wherein coral reefs flourish. Owing Tr to the greater 
solvent action of the increased oo. of carbonic acid 
ip sea water at great depths, or to the — mass of water 
through which they must sivk, the shells of the upper waters 
seem never to reach the bottom, or at least soon disappear 
from it, for they are seldom met with in deep dredgings. 
But in shallower portions of the ocean they abound. Con- 
sequently it may be legitimately inferred that the rate of 
growth of the calcareous organic deposit on the sea bottom 
must be more rapid in the shallower waters. The tops of 
submarine peaks and banks, being constantly heightened 
from this cause, will in course of time be brought up to a 
depth at which sponges, hydroids, deep sea corals, anaelids, 
alcyonarians, mollusks, polyzoa, echinoderms, and other 
orgavisms can flourish abundantly. When this has taken 
place, the upper growth of the pos Esa formation will be 
accelerated by the accumulation of the remains of this 
abundant fauna, as it livesand dies on the bottom. At last 
the zone of reef building corals will be reached, and there- 
after a — of coral rock will bring the sea floor up to 
the level of low water. That coral reefs undistinguishable 
from barrier reefs and even atolls might be formed upon 
banks of sediment in a deep sea was admitted by Darwin.* 
But the —— of so many submerged banks as this ex- 
planation would require, seemed to him so improbable that 
he dismissed it from further consideration. He was not 
aware, however, of the enormous abundance of minute cal- 
careous organisms in the surface waters and of the compara- 
tive rapidity with which these remains might be accumu- 
lated on the sea bottom. 

Reef-builders starting on a submarine bank, whether pre- 
pared for them by erosion, by subsidence, or by the upward 
growth of organic deposits, would form reefs that must 
necessarily tend to assume the atoll form. The central por- 
tions of the colony or clump of coral will gradually be placed 
at a disadvantage as compared with the peripheral parts of 
the mass in being further removed from the food supply, 
and will consequently dwindle and die. In proportion as 
the reef approaches the sea-level these central parts are 
brought into increasingly uncongevial conditions, until at 
last an outer ring of vigorous, growing coral-reef encircles 
an inside Jagoon Maite mad the central stunted and dead 
portions. The possibility of such a sequence of events 
was likewise recognized by Darwin. ‘‘ If a bank, either of 
rock or of hardened sediment,” he says, ‘‘ lay a few fathoms 
submerged, the sim oy growth of the coral, without the aid 
of subsidence, would produce a structure scarcely to be dis- 
tinguished from a true atoll.”+ 

As the atoll increases ip size the lagoon becomes propor- 
tionatel eA pan from its waters being less supplied 
with pelagic f and therefore less favorable to the growth 
of the more massive kinds of coral, partly from the inju- 
rious effects of calcarecus sediment upon coral-growth there, 
and partly also from the solvent action of the carbonic acid 
of the sea-water upon the dead coral. The solution of dead 
calcareous organisms by sea-water is undoubtedly one of the 
most interesting facts brought to light by the naturalists of 
the challenger expedition. 

Moreover, a connected chain of atolls — be formed on 
a long, submarine bank and similar conditions of growth 
would then be displayed as in the case of asingleatoll. The 
marginal atolls having a better supply of f would grow 
more vigorously than those tow the center, and would 
tend to assume elongated forms, according to the shape of 
the bank beneath them. Many of them might coalesce, and 
might even ultimately give rise to one targe atoll. Sucha 
chain of atolls as that of the great Maldive group may be 
thus explained without the necessity for any disseverment 
by oceanic currents as Darwin supposed. On the other 
hand, the submerged coral-banks of the Lakadivh, Caroline, 
and Chagos archipelagos may ve regarded as representing 
various stages inthe growth of coral reefs, some of them 
being still too deep for reef-builders, others with coral-reefs 
which have not yet quite grown up to the surface. But 
scattered among these banks are some of the most completely 
formed atolls, 

Mr. Murray contends that it is difficult to conceive how 
such banks can have been due to subsidence, when their 
situation with respect to each other and to the perfect atolls 
is considered. He reverses the order of growth as given by 
Darwin, who cited the om Chagos bank as probably an 
example of an atoll which had been carried down by a sub- 
sidence more rapid than the rate at which the corals could 
build upward. 

From a careful study of barrier reefs Mr. Murray con- 
cludes that, in their case also, all the phenomena can be 
explained without mere | recourse to subsidence. He found 
from personal observation and a comparison of the Ad- 
miralty charts that most exaggerated notions poreet regard- 
ing the depth of water immediately outside the reef, which 
is usuaily supposed to be very great. 
ploring the barrier reef of Tahiti, and sounding the water 
both inside and outside the reefs, he found that the slopes 
are just such as might be looked for on the supposition that 
the corals have grewn up without uny sinking of the bot- 
tom. The accompanying section (Fig. 1), drawn to a true 
scale, will show that there is nothing abnormal in the de- 
clivities, 

Beginning near the sbore or wherever the bottom, whether 
of rock or sediment, comes witbin the range of the reef build- 
ers, a barrfer reef grows vigorously along its outer face, 
while its inner parts, as in the case of an atoll and for the 
same reason, are enfeebled and die. The force of the breakers 
tears off huge masses, sometfmes 20 or 80 feet long, from the 
face of the reef, especially where, from the borings of mol- 
lusks, sponges, etc. , the coral rock has been weakened. These 
blocks tumble down the seaward face of the reef, forming a 
remarkably steep talus. It is this precipitous part of the 
reef which has probably given rise to the notion that the 
water outside suddenly descends to a profound depth. The 
steep front of fallen blocks is succee by a declivity cov- 
ered with coral sand, beyond which the bottom slopes awa 
at an angle of no more than 6°, and is covered chiefly wit 
voleanic detritus. Mr. Murray insists that any seaward ex- 
tension of the reef must be on the summit of the talus of 








* “ Coral Islands,” 2d edit., p. 118 
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broken coral. The reef will Pog recede from the shore 
of the island or continent, and will leave behind here and 
there a remnant to form an island in the slowly broadening 


— channel. 

e very general occurrence of proofs of elevation among 
the regions of barrier reefs and atolls is in harmony with the 
voleanic origin of the ground on which these coral forma- 
tions have grown, but is, as Mr. Murray contends, most 
difficult of explanation on the theory of widespread subsi- 
dence. He affirms that all the chief features of coral reefs 
and islacds not only do not necessarily demand the hypothesis 
of subsidence, but may be satisfactorily accounted for, even 
in areas where the movement is an upward one, by the 
vigorous outward growth of the corals on the external faces 
of the reef in presence of abundant food, by their death, 
disintegration, and removal by the mechanical and chemical 
action of the sea in the inner parts, and by the influence of 
subaerial agencies and breaker action in lowering the level of 
the upraised areas of coral rock. 

The most detailed investigation of coral reefs which has 
yet appeared has just been published by Prof. A. Agassiz.* 
This able naturalist is engaged in prosecuting a series of re- 
searches into the biological phenomena of the seas on the 
eastern side of the United States, under the auspices of the 
United States Coast Survey, and in the course of these ex- 
plorations be has bad occasion to devote himself to the de- 
tailed study of the coral reefs of the Florida seas, For 
purposes of comparison he has likewise visited the reefs 
among the West India Islands, as well as those on the coast 
of Central America. His observations are thus the most 
exhaustive xnd methodical which have yet been published, 
and the deliberate conclusions to which he has come deserve 
the most attentive consideration. He traces the history of a 
coral reef from its latest sta; as dry land to its earliest 
beginnings, and even beyond these to the gradual evolution of 
the conditions requisite for the first starting of the reef. His 
familiarity with the nature of the bottom all over the area in 
question, and with the life so abundant in the tropical waters, 
gives him a peculiar advantage in this inquiry. The upheaval 
of recent coral formations to considerable heights above the 
sea in various parts of the region enabled him to examine 
the inner structure and foundations of the reefs and to ob- 
tain therefrom altogether new data Tor the solution of the 
problem. Following him in his induction we are led back 
to a comparatively recent geological period, when the site of 
the peninsula of Florida was gradually upraised into a long 
swell or ridge, having its axis in a general north and south 
direction, siaking gently toward the south, but prolonged 
under the sea as a submarine ridge. Thedate of this eleva- 
tion is approximately fixed by the fact that the Vicksburg 
limestone was upraised by it, and this limestone is assigned 
to the Upper Eocene series. As a consequence of the ele- 
vation, a portion of the sea bottom was brought well up into 
the waters of the Gulf Stream, which were probably shified 
a little eastward. 

No marine fauna yet explored equals in variety of forms 
or number of individuals that which peoples the waters of 
the Caribbean Sea and the Gulf of Mexico from the depth 
of 250 to about 1,000 fathoms. The prolific life is traced by 
Prof. Agassiz to the copious food supply carried by the 
warm tropical currents, combined with food borne outward 
from the sea board of the continent. The corresponding 
abundant fauna found by the Challenger in the Japanese 
euarent may be regarded as its.counterpart in the ific 
Ocean. Prof. Agassiz points also tothe diminished richness 
of the fauna on the western side of the continents as being 
probably connected with the absence of those warm equato- 
rial currents which bring such an abundant supply of food 
to the eastern shores. ‘“‘ No one,” he remarks, ‘* who has not 
dredged near the hundred fathom line on the west coast of the 
great Florida plateau can form any idea of the amount of 
animal life which can be sustained upon a small area, under 
suitable conditions of existence. [t was no uncommon thing 
for us to bring up in the trawl or dredge large fragments of 
the modern limestone, now in process of formation, consisting 
of the dead carcasses of the very species now living on the 
top of this recent limestone.” Mollusks, echinoderms, corals, 
alcyonids, annelids, crustacea, and the like, flourish in in- 
credible abundance on the great submarine banks and pla- 
teaux, and cover them with a growing sheet of limestone, 
which spreads over many thousands of square miles and may 
be hundreds of feet in thickness. In these comparatively 
shallow waters, and with such a prodigiously prolific fauna, 
which supplies constant additions to the calcareous deposit, 
the solvent action of the carbonic acid upon the dead calca- 
reous organisms is no doubt reduced to a minimum, so that 
the growth of the limestone is probably more rapid than on 
almost any other portion of the sea bottom. 

From the chart we learn how extensively submarine banks 
are developed in the West ludian region in the track of the 
warm currents. East of the Mosquito coast, in Central 
America, one of these banks may be said to stretch com- 
pletely across to Jamaica. Similar banks rise off the Yucatan 
coast; likewise on the windward side of the islands, where 
the ocean currents first reach them. 

That these banks lie upon volcanic ridges and peaks can 
hardly be doubted, though we have no means of telling what 
depth of recent limestone may have accumulated upon them. 
Among the islands, recent volcanic masses rise high above 
sea-level, in Martinique reaching a height of more than 
4,000 feet. And as usual in volcanic regions there are nu- 
merous proofs of recent upheaval, such as the Basse Terre 
of Guadaloupe. the successive terraces of recent limestone 
in Barbados, and the upraised coral reefs of Cuba, which 
lie at a beight of 1,100 feet above sea levet. 

The West Indian seas have long been famous for their 
coral reefs. Prof. iz insists that the distribution of 
these reefs is determined by the direction of the food bearing 
ocean currents, They flourish on the windward side of the 
islands aud along the whole eastern coast of Honduras, 
Venezuela, and Yucatan. But on the leeward shores they 
do not exist at all. Cuba is fringed both on the north and 
south side with reefs, but the southern reefs, directly bathed 
by the Guif Stream and exposed tothe prevailing winds, 
are more flourishing than the northern reefs, which are to 
a extent cut off from the equatorial current of banks and 

lands. 

: The depth at which corals will flourish in these seas has 
been found to be rather less than that which has been ascer- 
tained to be in general their downward. limit elsewhere. 
Prof. Agassiz concludes that they do not thrive below a 
depth of six or seven fathoms in the Florida seas, though on 
the outer reef, directly exposed to the open currents and 
prevalent winds, they descend in scattered heads to about 
ten fathoms. 

Each successive stage in the growth of an atoll seems to be 
laid open for study in the prolongation of the Florida reefs. 





* On the Tortugas aid Floridy Reefs.” Trane, Amer. Acad., xi, 1888. 





The map of that region (Fig. 2)shows aremarkable broken 
line of islets and strips of land running parallel with the 
coast, first in a southerly direction, but gradually 
curving round until it takes a due westerly trend. This 
westward curve is attributed mainly to the influence of the 
strong counter current which, with a width of ten to twenty 
miles, sweeps westward into the Gylf of Mexico along the 
left side of the Guif Stream, and heaps up organic debris 
in its track. Florida is growing westward in the line of 
this current. Reef after reef is added to the land at the 
east end, while toward the west new reefs successively 
begin on the bank, as its surface is gradually built up by the 
accumulation of organic debris. 

The last and youngest of the reefs marked on the maps 
and charts is the group known as the Tortugas. But im- 
mediately to the west of this group Prof. Agassiz bas fourtd 
a prominence on the submarine bank, on which corals have 
begun to grow. Large heads of astreans and madrepores 
have fixed themselves at a depth of six to seven fathoms, 
and gorgonie are found a little lower. This is the beginning 
of an atoll. The Tortugas, which present a further stage 
of development, consist of an eliptical, atoll shaped reef, in 
three chief parts, whereof the largest forms a crescent, front- 
ing on the east round the edge of the submarine bank, while 
the two other portions have grown southwestward along the 
bank. Three channels between these portions allow power- 
ful tidai currents to rush across the central chiefly submerged 
parts of the atoll. Seven islands have been formed at the 
| higher parts of the reef by the accumulation and induration 
| of calcareous debris tossed up on the reef by the waves. 
| To the breakers and currents combined with the distribu- 
tion and habits of growth of the reef builders Prof. Agassiz 
entirely attributes the form and growth of the reef. The 
most important corals are the madrepures, which flourish in 
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A still more 
similar conditions is , on the opposite coast 
of Yucatan. Its eastern face is a great arc of about twenty 
miles, where, exposed to the open sea and easterly winds, the 
corals flourish vigorously. On the eastern or interior face 
of the westeru chord of the reef, however, the silt derived 
from the pounding of the breakers to the eastward has al- 
a killed the corals. ‘Ibe lagoon is occupied by detached 
coral heads with lanes of deep water betwean them.* 

To the east of the Tortugas, nearer the mainland of 
Florida, older stages of developmeni among coral reefs may 
be traced. By the westward drift of the calcareous sand and 
silt the lagoons have been converted into flats, and these in 
succession have been turned into more or less continuous dry 
land. There is no evidence of subsidence. The area seems 
to have remained stationary fora long period, or if there has 
been movement at all, it has been in an upward direc- 
tion, 

Should the present condition of —- be pro- 
longed, there will be a further extension of the Florida 
coast line. By the heaping up of tbe shells of dead 
organisms in the track of the counter current, the submu- 
rine bank will continue to be brought up within the depth 
at which reef building corals can flourish. Successive 
clumps of reef builders, springing up and growing outward, 
will build up atoll shaped reefs, The abrading action of the 
waves upon these reefs will furnish detritus to be drifted 
into the lagoons and channels, which will eventually be 
silted up into dry land. 

An interesting indication of the progress of these changes 
is furnished by the terrestrial flora and fauna of the reefs. 
The plants of the mainland are found likewise on the reefs, 
but become fewer in number as they are followed south- 





ward, until on the Tortugas—the last addition to the dry 
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extensive patches, two common species of Porites oceur- 
ring in clusters over the shallow tracts of coarse sand, and 
Maecndrina areolata growing between the marine lawns of 
Thalassia, with occasional patches of Anadyomene, Im- 
mense masses of nullipores and corallines grow on the tops 
of the dead branchss of madrepores which have been killed 
by exposure to the air during extreme low tides or when 
strong winds have blown the water off the flats. Large 
heads of astreans and Meandrina occur here and there 
toward the edge of reef, which is occupied mainly by 
clusters of Gorgonia. The destruction of the reefs by the 
waves is very great, the sea being occasionally discolored 
with the chalky sediment toa distance of from six to ten 
miles aftera storm. Broken coral heads, and branches, dead 
corallines, shells of mollusks, old serpule tubes, stalks of 
Gorgonia, and other organisms are thrown up in lines that 
consolidate into alow dike, which in turn is pounded up 
and removed by the breakers, A prodigious pam yf of cal- 
careous sediment is thus produced, much of which is swept 
into the interior of the reefs, where it accumulates in flats 
of sand and silt, [tis only on the outer edges of the reef, where 
the scour of the sea is greatest, that the corals can flourish; 
elsewhere they are choked and buried under the deposit of 
calcareous sediment. Some of this sediment accumulates 
in steep submarine banks, like sand dunes, which shift to and 
fro as the winds and currents vary ; though by the action of the 
carbonic acid of the sea water they are apt to be cemented 
into solid slopes, some of which have an angle of as much 
as 33°. So great is the destructive and transporting influ- 
ence of the sea under the combined or antagonistic work- 





ing of tides, currents, and wind-waves, that the whole mass 
of the reef as well as the flats and shoals inside may be said 
to be in more or less active movement, Hence none of the 
landmarks furnished by the islands can be relied upon for 
the location of buoys. 





Fie. 1.—SECTION OF THE BARRIER REEF, TAHITI, 
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land—the flora consists of a few Bay cedars, a bop vine with 
a thick white flower, Bermuda grass, and a solitary man- 
= tree. One of the species of land shells common at 

ey West has found its way to the Tortugas, No terrestrial 
reptiles have yet reached that futherest atoll, though at Key 

est, Jess than 100 statute miles to the east, many of the 
frogs, toads, lizards, and snakes common to the southern 
mainland have already established themselves. 

It will be observed that the conclusions arrived at by Prof. 
Agassiz from his own independent researches entirely con- 
firm those previously announced by Mr. Murray. That two 
observers, who have enjoyed exceptiona) advantages in the 
investigation of this subject, should come to practical 
agreement must be admitted to be a strong argument in 





favor of the views whicb they have adopted. 
Putting together all the data which have here been sum- 
| marized, J think we are driven to admit that barrier reefs 
and atolls may be formed without subsidence of the sea 
| floor. Whether this has been the usual or only the excep- 
tional manner of their origin is a question that will depend 
| for its solution upon whether or not it can be shown that 
, there are general phenomena whicb can only be explained 
| by subsidence. Three such phenomena may he adduced; 
-! am not aware of any others that deserve serious considera- 
| tion. 
1. One of the early difficulties which Darwin's explana- 
| tion satisfactorily solved was the necessity for the existence 
of so many peaks, coming up from the depths of ocean just 
to the zone in which reef building corals live. No cause was 
| conceivable which should have so generally arrested the up- 
ward growth or upbeaval ot these submarine heights at the 
limit where coral-reefs might begiv. And this difficulty bas 
always been looked upon as furvishing one of the strongest 
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arguments in favor of the theory of subsidence, for that 
theory completely removes it, by showing how, in a general 
submergence, peak after peak would sink, and come within 
the sphere of the operations of the reef builders. 

The difficulty is met in a totally different way by those 
who believe it to be more formidable in appearance than in 
reality. They contend that while it must not be forgotten 
that many peaks do rise above the sea level, and many sub- 
marine banks still fall far short of the coral zone, two 
powerful causes conspire to bring submarine banks to a 
common uniformity of level ata short distance below the 
surface of the ocean. On the ove hand, those portions of 
volcanic mountains that rise above the sea level are worn 
down by the atmosphere and the waves, and unless other- 
wise preserved must inevitably be reduced to the lower limit 
of wave action, which is probably nearly coincident with 
the lower limit of reef builders. On the other hand, sub- 
marine banks in tropical seas are built up toward the surface 
by the accumulation of the aggregated remains of plants 
and animals which live on the bottom or fall down to it from 
upper waters, and the magnitude of this upward growth is 
hardly yet adequately realized. 

In balancing these opposite views, we must, I think, 
admit that subsidence is adequate to provide platforms 
for coral reefs, but that these platforms could likewise be 
furnished by the two other processes just referred to, 











Subsidence has been invoked because no other solution | geological speculation. 
} 


of the problem seemed admissible. But as another so- 
lution bas been found, the argument in favor of sub- 
sidence has no longer the same force. The new solution, 
being based upon facts which are everywhere observable 
in the coral regions, appears to me to be more probable 
than the older one, which is ouly an inference resting on no 
positive proofs. 

2. The precipitous descent of the outer face of the reefs 
to depths far below those at which corals can live is another 
difficulty which finds a ready explanation on the theory of 
subsidence. If it were true, as is popularly assumed, that a 
coral reef presents toward the ocean a vast perpendicular 
wail of limestone, entirely composed of solid coral, there 
could be no escape from the conclusion that subsidence 
must have occurred, to permit of such an aggregation of 
coral rock. We learn, however, that much misconception 
exists on this subject. Some of the earlier accounts of coral 
islands speak of *‘ unfathomable” depths at a short distance 
seaward from the reefs; but more recent soundings afford 
no confirmation of these stateme rts. Instead of being the 
summits of vast submarine pillars of limestone, atolls, as 
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| the lagoon descends below the limits at which reef builders 
live. 

| Ido not regard this solution of the difficulty as wholly 
satisfactory. Of the fact that dead calcareous organisms are 
attacked and carried away in solution by the carbonic acid 
of sea water there cannot be any question, and this process 
must be of great geological importance. Whether the sol- 
vent action is sufficient to account for the exceptional depth 
of some lagoons is still, I think, open to inquiry. It seems 
to me not improbable that these comparatively few deep la- 
goons may owe their depth partly to subsidence. But if t 
be the case it would lend, I am afraid, but slender support 

+to a theory of wide oceanic depression. That there must be 

| some areas of subsidence over the corai regions is almost 

certain, and the few scattered deep lagoons may possibly 

| indicate some of these areas. 

Having thus fully examined the arguments on both sides 
of this interesting and important question, I feel myself 
reluctantly compelled to admit that Darwin’s theory can no 
longer be accepted as a complete solution of the problem of 
coral reefs. * No one could be more impressed than myself 
witb the simplicity of this theory, the brilliancy of its gene 

| ralization, its remarkable fitness in geological theory, and 
the grandeur of the conceptions of geographical revolution 
to which it leads. I am fully alive to the serious changes 
| which its abandonment will make in some departments of 
But in the face of the evidence 
| which has now been accumulated, I can no louger regard the 
accepted theory as generally applicable. That it may possi- 
| bly be true in some instances may be readily granted. There 
|may be areas of subsidence, as there certainly are areas of 
| elevation, over the vast regions where coral reefs occur. It 
may be conceded that subsidence may sometimes have pro- 
vided the platform whereon coral reefs have sprung up, and 
may hive contributed to heighten some reefs and to deepen 
some lagoons and lagoon channels. But I do not believe 
that we are now justified in assuming subsidence to have 
taken place, from the mere existence of atolls and barrier 
reefs. Its occurrence at any locality must be proved by evi- 
dence of special local movement. tt 
many localities where atolls and barrier reefs are found, but 


the existence of such reefs is no more necessarily dependent | 


upon subsidence than upon elevation. ‘These subterranean 
movements must be looked upon as mere accidents in a gene- 
ral process of coral growth which is wholly independent of 
them. 

I may in cunclusion refer to one or two difficulties which 
have long been felt to be serious drawbacks to the theory of 


well as barrier reefs, appear to be really planted on the tops | subsidence, but which disappear when the newer views of the 


of submarine peaks and ridges. The outer face of the reef 
is undoubtedly steep, in some places vertical. At Tahiti, 
for example, as shown in Fig. 2, the living face of coral 
may extend to a depth of 30 to 35 fathoms, beneath which 
huge detached blocks of coral are piled up and cemented 
together, forming a steep face, which descends to about 150 
fathoms at a distance of 180 fathoms from the upper edge 
of the reef. 
with coral sand and slopes at 25° to 30° after which the angle 
lessens to 6°. 
tearing off blocks of coral, and strewing them down in steep 
talus slopes, a platform is prepared on which the actually 
growing part of the reef can build outward. 

In Darwin's section of the Gambier Islands the thickness 
of the encircling reef is made to be about 2,000 feet.* Prof. 
Dana by one estimate puts it at 1,150, and by another at 1,750 
feet. He assumes that in general the thickness of solid 


The sea bottom beyond that point is covered | on such elevated summits. 


By the abrading action of the breakers in | 


origin of coral reefs are accepted. If, as Darwin supposed, 
the coral islands of the Pacific and Indian Oceans represent 
the last peaks of submerged continents, it is incredible that 
continental rocks should not be found among them. The 
oceanic islands (except, of course, those composed of coral 
rock) are of volcanic origin, and show none of the granites, 
schists, and other rocks which might have been looked for 
They have been piled up by the 
accumulation of lavas and tufts discharged from the earth’s 
interior, and, where they occur, point to upheaval ratber than 
subsidence. Again, as Mr. Murray has shown, the inorganic 
deposits of the ocean floor are composed of volcanic debris 


with a singular absence of the minérals that constitite the 


| usual crystalline rocks of our continents. 

| No satisfactory proofs of a general subsidence have been 
; obtained from the region of coral revfs, except from the 
| structure of the reefs themselves, and this is an inference 


coral must be considerable, though he admits that calcula-| only, which is now disputed. From the nature of the case, 
tions based on the seaward continuation of the slope of the| indeed, traces of subsidence can hardly be expected. A 


land are liable to error from many causes.¢| Even if we 
admit (what cannot be proved) that the calcareous mass of 
any coral reef does attain a thickness of many hundred feet, 
it would not necessarily consist wholly of solid coral.{ 
Prof. Agassiz has followed the growth of a reef upon a 
platform of calcareous organic debris, and he has found 
elevated coral reefs which rest on such a platform, Mr. 


| few examples have been cited, such as the occurrence of 
|} trunks of cedar trees in a layer of red soil at Bermuda, 
| lying between the calcareous deposits and at a depth of 42 
| feet below low water mark. This indicates a recent subsi- 
| dence of that tract; but it may be merely local, and may be 
| due to the sinking down of the roof of one of the caverus 
into which the limestone is so abundantly honeycombed. 


his | 


may have gone on at} 


Marcu 8, 1884. 








Now, the glacial period was in all probability not due to 
one cause alove, but rather to acombivation of many causes, 
| both astronomical and geographical. We will consider first 

the more probable astronomical causes: 
| 1. The Eccentricity of the Earth’s Orbit, to the explanation 
| of which term I now proceed. The earth moves round the 
|sun, not in an exact circle, but in asomewhat egg shaped or 
| elliptical path called its orbit. But this orbit is not at all 
| periods the same in shape. Sometimes it is more elongated; 
| at other times it more nearly approaches the form of a circle. 
When the orbit is elongated, it is said to have a great ec- 
| centricity ; when nearer the circular form, it is said to have 
|a smal] eccentricity, these variations in the shape of the 
| orbit being due to the unequal attraction exerted upon the 
}earth by the other planets of the solar system, especially 

Jupiter and Saturn. Thus, when at that part of its orbit 

most distant from the sun, the earth is much farther awa 
| frem that body during great eccentricity than during smal). 
Consequently, any part of the earth baving its winter when 
| the earth was farthest distant from the sun during great ec- 
| centricity would, no doubt, have comparatively a very severe 
climate, and this may have been one cause of the glacial 
period. At the present time, the eccentricity of the earth’s 
orbit is very small, the difference between earth’s distance 
from the sun at its nearest and farthest points being only 
three million miles; whereas, during times of great eccen- 
tricity that difference may amount to thirteen million miles, 
By mathematical calculations based upon the known attrac- 
tion exercised upon the earth by the other planets, and the 
known position and movements of these planets, it is caleu- 
lated that a period of great eccentricity would occur, to a 
greater or less degree, between 210,000 and 100,000 years 
before the present time, Therefore, in all probability, it was 
during that time that the glacial period occurred. 

2. At the present time, however, the winter in the northern 
hemisphere occurs when the earth is nearest to the sun, or, 
as it is called, in perihelion ; the effect of such nearness to the 
sun being nevertheless more than counteracted by the short- 
ness of the days during the winter season, due to our hemi- 
sphere being then turned away from the sun. But there isa 
| movement known as the precession of the equinoxes, caused 
by the attraction of the sun aud moon upon the protuberant 
| portion of the earth at and near the equator, whereby the 
| direction of the pole is made very slowly to describe a circle 
| in the heavens, causing the equinoxes, and with them the 

other seasons, to come round a very little sooner than they 

otherwise would. And there is another movement known 
| as the revolution of the apsides (the aspides being the points in 
the orbits nearest to and farthest from the sun) caused, like 
eccentricity, by the attraction upon the earth of the other 
planets, whereby these apsides, or points in the orbit, are con- 
stantly changing their places. These two changes combined 
cause the seasons to occur successively in every part of the 
earth’s orbit, so that sometimes the winter of the northern 
| hemisphere has occurred and will occur again when the 
| earth 1s farthest from the sun, or, as it is called, in aphelion. 

Now, if this state of things occurs when the eccentricity of 

the orbit is small, its effect upon climate is probably not very 
| great; but when it coincides with a period of great eccen- 
tricity, important results may be the consequence. For, as 
the earth must of necessity move more slowly the farther it 
ts ‘from the sun, it-will be obvious “wing such periods 
of coincidence not only would the winters be more severe, 
but they would also be longer in duration, and consequently 
large masses of snow and ice would accumulate which the 
short summers would be unable to meJt. These short, warm 
summers would engender fogs, phenomena which all Arctic 
travelers have experienced, and these fogs wonld cut off the 
rays of the sun from melting the ice. The snow also, by re- 
flecting a great part of the sun's rays, and the ice, by ab- 
sorbing the same before it could be thawed, would prevent a 
large portion of those rays from ever reaching the earth’s 
surface at all. Moreover, a cold condition of the northern 
hemispere generally would probably induce a change in the 
winds and currents of the globe (the currents, of course, be- 














Murray’s observations explain how a reef may grow out- | Occasionally along the margins of lagoons trees are found | ing chiefly dependent upon the winds), and instead of south- 


ward on a talus of its own debris. 
reason, indeed, why a calcareous mass of almost indefinite 
thickness might not be formed without the aid of sub- 
sidence. Its upper zone might be directly due to coral 
growth, while the larger part of the mass might be composed 


But the removal of the calcareous rock by solution or wave 
action might equally account for their condition. 

Of elevation in the region of atolls and barrier reefs, there 
is almost everywhere more or less distinct evidence. Prof. 





There appears to be no | at the water edge, in a position suggestive of subsidence. | erly windsand currents which have traversed tropical regions 


| warming our atmosphere as at present (when an opposite 
| state of things prevails, the southern hemisphere being now 
the colder),there would probably bea greater number of winds 
|and currents flowing down from the icy north to the less 


of an aggregate of coral debris mixed with the remains of | Dana has collected the facts which prove that recent eleva-| cold south, and these would leave the cold north colder still, 
mollusks, echinoderms, and other calcareous organisms, So | tory movements of unequal and local extent have occurred | So that we see all these things tend to show us that the north- 
rapid is the destruction of organic structure through the so- | in all parts of the ocean.* Upheaval has taken place even |ern winter occurring in aphelion during a period of great 


lution and redeposit of carbonate of lime by pee 
water, that a special and careful search might be requi 
to determine the actual limits of the true reef and of its 


calcareous platform, and even such a search might not be | and entirely hypotbetical series of upward and downward | to vur notice. 


successful. 


in areas where barrier reefs and atolls are iv vigorous growth. 
| Such an association of upheaval with an assumed general 
| subsidence requires, on the subsidence theory, a cumbrous 


movements, These are unnecessary if we can be convinced 


| eccentricity would be very favorable to the occurrence of a 
| glacial period in our part of the world. 

But here an interesting part of the problem presents itself 
I bave said that owing to two movements of 
the earth, known as the precession of the equinoxes and the 


After a full consideration of this second difficulty I feel | that coral reefs grow up independent of terrestrial move-| revolution of the apsides, the seasons are brought about 


compelled to admit that no valid argument in favor of sub-| ments, which may in one area be in an upward, in another | successivel 


sidence can be based on the steepness of the seaward face of 
a reef and the thickness of the calcareous mass of the reef 
itself. 

8. The depth of some lagoons and lagoon channels fur- 
nishes probably the strongest argument in favor of Darwin’s 
views. Occasionally a depth of forty fathoms is reached, 


| in a downward direction. From this point of view the reefs 
| stand up as the result of a complex series of agencies, among 
which the more important are on the one hand the tempera- 
| ture, solvent power, currents, tides, and waves of the sea, 
and on the other band, the amount and direction of the sup- 


ply of pelagic food, the upbuilding of calcareous deposits to 


in every part of the earth’s orbit. The time 
| taken for this cycle to be completed is 21,000 years. During 
that period of time the seasons will have occurred at every 
part of the orbit; once, therefore, they will bave occurred 
in perihelion, and once in aphelion. I have also said that a 
| period of great eccentricity is shown by calculation to 
|have extended, to a greater or less degree, from 210,000 





and as this is beyond the depth at which wef builders ordi-| the zone of reef builders, the outward vigorous growth of | years to 100,000 years before the present time, that is, for a 


a livgpit has been regarded as a proof that subsidence 
3 eC. 
ee is thus met by the opponents of sub- 
sideneé, We must remember, they say, that from the very 
conditions of their growth, patches of coral tend to assume 
an ular or atoll-like form, because the outer parts grow 
usly, while the central portions eventually die. here 
the coral patches coalesce and extend along a bank or shore, 
it is their outer or seaward faces that flourish. The inner 
parts, as they are more and more cut off from the food sup- 
ply. gradually die. While the outer face of the reef grows 
seaward, the inner margin is attacked partly by the solvent 
action of the carbonic acid of sea water, partly by wind 
waves, and the tidal scour sweeps away much fine detritus 
through gaps in this reef. In this way the lagoon channel 
is widened and deepened. In a perfect atoll, that is, an un- 
broken annular reef of coral. the lagoon could not be deep- 
ened by any mere abrasion of the dead coral and removal of 
the detritus in suspension, but solution by carbonic acid 
would still come into play. It is further to be borne in mind 
that small lagoons are shallow and are being filled up, and 
that it is only the large ones, encircled by nearly continuous 
reefs, where the corals in the lagoon and along the margin 
are dead, and where the effects of solution may be con- 
ceived to have been longest in operation, that the depth of 
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coral, and how much may be formed of organic debris, 


the coral masses and their decay and death, and the solution | duration of 110,000 years. Now, if the cycle of 21,000 years 
of their skeletons in the inner parts of the reefs. All these | be divided into this period of 110,000 years, we shall find it 
causes are known and visibly active, Without the co-opera- | will go five times, that is to say, that during the supposed 


tion of any other supposed or latent force, they appear to be | 
| entirel equate to the task uf building up the present coral | 
reefs of the oceans, 


CAUSES OF THE GLACIAL PERIOD. 
By Rozert B. Coox. 


I may premise that some of the animal remains found in 
the glacia! deposits and in caves would lead us to infer that 
| intervals of mitigated severity occurred during the glacial 
period. For example, in England, besides the remains of 
the mammoth, hairy rhinoceros, reindeer, and other Arctic 
| animals, are also found remaius of the hippopotamus, lion, 
| and hyena, these latter animals being not at all Arctic in 

character. Now these animals, not being able to endure 
| severe cold, must either have beev only summer visitors dur- 
, ing the severity of the glacial period, or else they must have 
been permanent residents in our country during mild inter- 
vals of the same period; und as we do not know many in- 
stances of large animals performing summer migrations like 
birds, the latter alternative offers the best expianation of their 
occurrence. I mention these facts here becaase in our in- 
vestigation of causes it will be useful to bear tLem in mind, 
and to remember that any cause or causes which would ex- 
plain such mild intervals of climate during the g:acial period 
would also explain the presence of these animal] remains. 


* “Corals and Coru! Isiands.”” Second edition, p. 264, 











duration of the glacial period five times would the northern 
winter occur in perihelion, and five times in aphelion. 
Thus, as it is obvious that the winters occurring in and 
near perihelion must have been milder than those occurring 
in and near aphelion, we should have during the 110,000 
years, the supposed duration of the glacial period, five 
{somewhat lengthy periods of comparative mildness when 
| the northern winter occurred at and near peribelion. Now 
'we have seen that the remains of certain animals found in 
glacial deposits, such as the hippopotamus, lion, etc., indi- 
cate a mild climate, while those of others, such ‘as the mam- 
| moth, reindeer, etc., indicate a cold one. May not these 
| different climates have occurred during the glacial period 
at times corresponding respectively to the northern winter 
in and near periheleon, and the northern winter in and near 
aphelion? At any rate, I think this explanation more pro- 
| bable than that the differences of climate were due to the 
elevation and depression of land during the glacial period, 
a supposition we shall treat of more fully when we come to 
consider the geographical causes. There is just ove otber 
thing that I should like to mention before leaving these 
astronomical causes. The experience of many Arctic travel- 
ers bas shown us that no condition of things can be more 
favorable to a glacial period than a short, hot summer and 
a long, cold winter. e have seen that these are just the 
conditions most likely to obtain under a period of ec- 
centricity, while the fluctuations in climate ca by the 
different positions of the earth during such period goes far 
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to explain tthe singular fact of the great variety of animal above the surrounding mountains, old Mount Shasta stood | good cup of coffee, some hot bread, and mutton-chops soon 


remains found together in England and elsewhere, and the 


milder intervals in climate which some of these remains in- 


dicate. The name of ‘interglacial periods” has been given 
to these mild intervals in the climate.—Knowledge 


THE “BAD LANDS” OF THE LITTLE MISSOURI. 


For agricultural purposes and from a strictly utilitarian | 


point of view, this astonishing jumble of inland cliffs, 
**buttes,” and detached pieces of sandstone, cut and carved 
by the floods and streams of a remote epoch into the most 
fantastic shapes, must be reckoned among the * bad lands” 
of the Western Continent. But it is, like the Yellowstone 
Park, a great natural wonder. The Little Missouri River 
is in the Territory of Dakota, between the 28th and 25th 
degrees of west longitude, fowingio a northeasterly direc- 
tion to join the main river about Fort Berthold, ‘There is 
other scenery of a very similar character in that region of 
North America. Near the head waters of the White Earth 
River is a valley which looks asif it hadsunk away, leaving 
thousands of columuvar masses standing all over it, frequent - 


| revealed in all his snow-clad greatness, a perfect cone, the | made us forget our past huvger and dangers, and we were 
| most sublime of mountain forms, filling my expectations of | glad to learn that another day’s journey would bring us wo 
| what a mountain ought to be. | Silver Lake, which we reached next day. Here we heard 
Near Denver the Rockies look like a mass of bluffs, all | all about the wonderful bone-yard that bad been dis- 
about the same height, while Shasta stood out alone, over-| covered by a stockman in a desert twenty-eight miles from 
looking and master of the mighty Cascade Range that lay at | here. 
|his feet. They are indeed the Alps of America, Farther; Next day, accompanied by the postmaster as guide, westart- 
north Mount Hood stands guard over Oregon, and farther | ed for the fossil fields and reached a house eight miles from 
'on Mount St. Helen rules over Washivgion; these cone-/| the locality that day, where we camped for the night. It 
shaped mountains are all extinct volcanoes, and have liv- | took all next day to reach our destination, as we had to find 
ing glaciers in their deeper caiions. Auother grand piece of | our way through a sage brush desert. We had a wagon 
| pature’s handiwork we passed on the route was Castle Rock, | along, and it was slow work. The fossils we were in search 
a huge pile of gray rock which from a fancied resemblance | of were of quite recent species; some, in fact, were of exist- 
'to an ancient castle has received its name. On my arrival | ing ones. he bones lay scattered sround a smal) alkaline 
at Fort Klamath I was cordially received by the command- | lake and were all exposed, resting on a bed of clay, They 
er, who took me into his home while I was at the post, and | had been covered with loose volcanic sand and ashes which 
whose kind bospitality I shall not soon forget. While here | the wind had drifted away and piled in great heaps sixty 
I prepared the skeleton of a large grizzly bear that a| feet or more in height. These sand drifts were covered 
gentleman had killed a short time before; this bear bad | with windmarks, and looked like newly harrowed fields. 
| killed a number of his sheep. One night he heard a| There were numerous hillocks, from a few feet to eighteen 
commotion in his sheep pen, and seizing his Winchester | or twenty feet high, the summits of which had beep pro- 


ly capped with irregular pyramids that rise toa height of | rifle wept out of his tent to see Mr. Bruin walking leisurely | tected by a patch of sage brush and the sides laid bare and 





100 ft. or 200 ft. In Colorado, likewise, the ** Monument 
Park,” and the ‘*‘ Garden of the Gods,” which have been re- 
presented by some illustrations publishedia this journal, 
exhibit phenomena of the same description, more within the 
range of ordinary tourists. Geologists have been enabled 
to find some explanation of the cause of these surprising cou- 
ditions of the earth’s surface in certain localities, and cor- 
responding effects in Dakota may be referred to physical 
agencies capable of having wrought them. It is, undoubt- 
edly, by the force of water, acting in vast quantities and 








THE “ 


with enormous power, at some unknown geological period, 
that this singular conformation of the land has been pro- 
duced.—Jilustrated London News. 





THE FOSSIL FIELDS OF SOUTHERN OREGON. 
By Cuas. H. STERNBERG. 


In August, 1877, while working in the Loup Fork Group 
of northwestern Kansas, I received orders from Prof. E. D. 
Cope to go at once to Oregon, to u new fossil deposit; I was 
to keep the locality a secret from all. A day or two after I 
was on the west bound train, and there met Mr. 8. W. Wil- 
liston, one of the Professor Marsh’s collectors. He seemed 
to be on his way to a new locality, and refused to tell me of 
his destination. I thought he might have told the conduc- 
tor, and therefore on my first chance asked that gentleman 
where Mr. Williston was going, and he told me at once that 
W. had learned of a rich locality where fossil bones of huge 
proportions were found, in Caiion City, Colorado. I im- 
mediately wrote to Professor Cope, and had the satisfaction 
of learning a few months later that he had sent a man to this 
rich field about the same time that Professor Marsh had, and 
helped reap a rich harvest of those new and unique remains 
of extinct animals, great land saurians and dinosaurs, some 
of which reached a height of twenty-five feet, and a length of 
sixty feet. 

On my arrival at Reading, California, I took the stage for 
Fort Klamath, Oregon. That stage ride was one long to be 
remembered, and carried me through some of the grandest 
scenery in America. We traveled up to the head of the 
Sacramento River, through virgin forests of magnificent 
pine, spruce, etc., that lifted their heads 150 feet in the air; 
long festoons of moss hung down from the branches, trailing 
oo the ground; every turn in the road showed us some new 


b 


jalong a few feet from him; taking aim he fired, and for- 
| tunately broke the bear’s neck. 
| Here I also caught a large number of mountain trout. 
They are as savory as our Eastern trout, but are not as gamy. 
It is no trouble to catch them. I baited a hook with a worm, 
jand standing near a deep hole in which numbers were 
gathered, threw in my line: they bit quickly, in sight of 
we, and I caught a dozen or more in this one place. 

At Klamath I hired an assistant and bought my riding 
and pack animals. The Government supplied me with sad- 


rounded by the wind. We pitched our tent, and hitching 
our pony to a sage brush hauled it into camp, and so re- 
| peated this till a large pile was gathered. Early next worn- 
ing we were busy gathering together the loose bones and 
| placing them in piles; we put them on our pack-borses and 
carried them to camp. They were well preserved; but un- 
fortunately none of the skulls were preserved, they had 
been broken beneath the feet of countless deer and antelope 
that had come to the lake for water. We got a great many 
teeth and bones. They were all scattered, One party under 
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BAD LANDS” OF THE LITTLE MISSOURI. 


dies, tent, ete. I could get no guide, so trusting to a Gov- 
ernment map, we started for Silver Lake. My map traced 
Sprague River, that emptied into Lake Klamath, near the 
post, to its head in Silver Lake. My plan, therefore, was to 
follow up the river. As I was crossing a large Government 
bridge on Williamson River a number of Indians came u 
to me and demanded $2,00 to 1, but I refused to pay. 
learned afterward that these Indians made a living by col- 
lecting toll from people crossing this bridge. After follow- 
ing Sprague River for about fifty miles I found it rose in a 
small range of bills, and I was at my wits’ end as to what to 
do; my only guide had proved false. At last, I resolved to 
go north. I was: in a country only occupied by Indians 
and wild animals. I came to a place where the trail I was 
following forked, one going directly north and was but little 
traveled; the other, a well beaten trail, led a little west of 
north. While debating as to the best course to pursue, an 
Indian boy came along driving two pack ponies, or cayuses, 
as they call them. He took the large trail; I asked him 
where he was going, and he told me to Sican Valley to a 
sheep ranch. I had been told that I would go through this 
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Prof. Condon, of the State University, had been at the Jocal- 
ity before us. The mammalian bones were three species of 
the horse; three of the llama; one new species of a sloth, 
Mylodon; the elephant, a beaver-like animal, and some car- 
nivores. We got great quantities of fishes that varied in 
size from a trout to a salmon or larger; also a great many 
bones of birds in size from a sandpiper toa stork. Among 
them was the Canadian goose. There were piles of land- 
shells that looked like snow drifts. The bones were but little 
petrified, and were of the Pliocene age. The animals had all 
doubtless perished under a storm of volcanic ashes and sand 
from an active volcano near by. 

We found numbers of arrowheads, polished and made 
from volcanic glass or obsidian. We had thought at first 
that they might be contemporaneous with the bones, but I 
found near the deposit, between some buge sand banks, in 
the remains of an old Indian village, near which one arrow- 
maker had his abode, great quantities of chips of obsidian, 

rfect arrowheads and those partly finished, with drills, 

nives, pestles and mortars, and a pile of whitened rabbit 
and other bones. We found part of an Indian skull also. 





valley and by a sheep ranch on my way to Silver Lake. I 
therefore followed the Indian. After going about five miles 
the trail came to an end ina thick forest, at an Indian en- 
campment; a number of braves in war paint came out and | 
told me I was lost, and that they eusll chow me the road 
for ee I was so indignant at having been cheated so 
that I refused to pay them anything, and started east. For- 
tunately, just as the sun went down we found the trail we 
had left. Here we ate the last of our provisions, as the night | 
before an Indian had stolen our bacon, that we had packed | 
under a lot of tinware in the bottom of a box near the head 
of our bed, and the bread bad fallen off our pack avd was | 
lost: Next morning, bright and early, we started without | 





feature in mountain scenery, and at last, towering 4,000 feet 


breakfast in hopes of reaching the sheep ranch, which we 
luckily did just before dark, very hungry and tired; bere a| 


One peculiarity I noticed in the desert was that all the 
springs were on the tops of rounded knolls, which led me 
to think that perhaps water would come to the surface from 
artesian wells, [f that be the case, this country will one 
day become a fertile land. We got over a thousand pounds 
of fossil bones from this locality, all of which have been 


described by Prof. E. D. Cope in the bulletins of the U. 8. 
Geological Survey.—Kansas City Review. 





ACCORDING to the British Trade Journal, some African 


missionaries are in a state of considerable indignation just 
now. They have discovered that England exports brass 
and cast iron gods to a far greater value every year than 
that of all the Bibles and tracts which leave her shores, 
The good men would like to see the supply of gods cut off. 





OO ne oe 











THE MERSEY TUNNEL. 

Tue first journey under the Mersey by the subaqueous 
tunnel was made on Thursday, January 17, by a party of 
visitors and directors, headed by the Chairman of the Com. 
pany, the Right Hon. Cecil Raikes, M.P., ym Isaac, and 
the Engineers, Mr. Brunlees and Mr. ©. Douglas Fox. 
When the company, dressed in oil-skins, bad gathered in 
front of the last remaiviog portion to be cut away, Colonel 
Beaumont’s boring machine was set to work, and in twenty 
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For many years past engineers have contemplated such a 
work, but it was not till lately brought to a practical issue. 
The railway begins by a junction with the joint railways at 
Tranmere, and ends at the Central Station, Liverpool, and 
will be over three miles in length. It passes through the 
new red sandstone formation, which is found to be sound, 
homogeneous, and easily excavated. 

The population of Liverpool is now more than 800,000. 
That of Birkenhead numbers 120,000. The ferry boats yearly 

‘carry 26,000,000 passengers across the Mersey. 


Then there! years, will probably be seldomvur never opened. 
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| London Bridge, and no satisfactory conclusion bas yet bee 

|reached. We have already drawn attention to some designs, 
and now publish a proposed design by Messrs. Kinipple and 
Morris, which has some features worthy of special notice 
There is said to be little doubt that a bigh level bridge is, 
for various reasons, out of the question. A fixed low level 
bridge would involve great expenditure for compensation to 
wharf-holders. An opening bridge is suid to bea necessity, 
as it will avoid the waste for compensation, and yet, in a few 
In their 
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minutes the last obstruction was cleared. The party then 
continued their journey from Liverpool to Birkenhead, 
where they arrived safely. Congratulatory speeches were 
made by Mr. Raikes, Major Isaac, Mr. Waddell, Mr. Brun 
lees, and Mr. Fox. About 900 yards of the tunnel between 
the shafts have been bricked and finished, and about the 
same length remains to be arched. In various sections there 
is still a considerable amount of rock to be excavated. With 
the other portions of the tunnel, both on the Liverpool and 
Birkenhead sides of the river, rapid progress has been 
made. ‘ 


TUNNEL UNDER THE MERSEY 


is the railway traffic, especially coal and iron from Wales. 
Therefore, the tunnel may be expected to pay a good return 
to the shareholders. It is hoped that by the end of this year 
trains will be running every five minutes between Liverpool 
and Birkenhead.--The London Graphic 


NOW BRIDGE AND SUBWAY, LONDON. 


Tue design of a bridge which shall best suit the require- 
ments of the cross river traffic below London has probably 





been discussed more than that of any other bridge, except 


AT 


LIVERPOOL. 


description of the design we now illustrate, Messrs. Kinipple 
and Morris say, that it being generally admitted that three 
communications are required to give adequate and proper 
accommodation between the two sides of the river, with this 
object a scheme has been prepared and will be laid before 
Parliament in the ensuing session, having for its object the 
construction of three low level opening bridges, with sub- 
ways, at the Tower, Stepney, and Greenwich. The princi- 
pal features of the three bridges are similar, and the follow- 
ing description of that proposed for the Tower may be held 
as applying to the bridges at Stepney aud Greenwich, except 





THE NEW RAILWAY TUNNEL UNDER THE RIVER MERSEY, CONNECTING BIRKENHEAD WITH LIVERPOOL. 
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as regards the spans of the two latter, which are somewhat! 
wider, and the headways above Trinity high water, which 
are somewhat higher. The Tower bridge will be in three 
spans—that is, hive two piers in the river—the side or shore 
spans being each 290 ft. with a clear headway above Trinity 
high water mark varying from 22% ft. to 25 ft., and the 
central opening span being 200 ft., with a clear headway, 
when closed of 29 ft. above Trinity high water. The arches 
of London Bridge vary in span from 130 ft. to152 ft., and 
from 22 ft. 6 in. to 29 ft. 6 in. clear headway above high 
water in the center of the spans; but the available headways, 
owing to the curvature of the arches, are much reduced, so 
that as regards the spans and headways proposed by this 
scheme, better accommodation will be given to lighters and 
other vessels passing underneath, as they will have the full 
headway for the whole length of each span. The central 
span of the proposed bridge will be an opening span, having 
a drawbridge run out from each of the shore spans on either 








for 195 yards, and on the Surrey side 253 = in length with 
an inclination of 1 iv 30 for 217 yards. his latter gradient 
is fixed by act of Parliament for turnpike roads, and as it is 
only a short length, it cannot be regarded us aheavy pull 
for horses. The designers urge that this proposal of low 
level opening bridges combined with short subways will fully 
meet all the reasonable requirements of the river traffic, 
and completely overcome the objections urged against the 
construction of a low level opening bridge. It further pro- 
vides means for maintaining a continual flow of vehicular 
and passenger traffic while the drawbridges are open for 
the river traffic of large masted ships, which will principally 
occur at high water. It is believed that all the reasonable 
requirements of this traffic will be met if the central span 
remains open for one hourat high water of each tide, or 
one hour out of twelve, and during this hour tbe vehicular 
and passenger traffic will pass through the subway as already 
described. and for the remaining eleven hours the bridge 


isting mains could bring to the city twice the quantity at 
resent consumed; but the loss of head due to such a fore- 
ng process would almost entirely deprive the residents of 
the higher levels of a water supply; and of late years the 
growth of the city has been very largely upon this high- 
lying ground. It istoremedy this defect that the present 
works are being constructed. 

The general plan of Washington given this week suffi- 
ciently explains the location of the pro tunnel and the 
new reservoir; the latter will be supplied from the present 
distributing reservoir beyond Georgetown, and a 48-inch 
main will lead the water from the new reservoir into the 
city distribution. The ground lying between the two ba- 
sins is elevated and undulating, to a degree that makes a 
tunnel necessary. This tunnel will be about 21,000 ft. long, 
11 ft. wide, and 74¢ ft. high. It will be driven through rock 
for the entire distance, and from the geological formation 





little trouble is expected from water. 




















PROPOSED BRIDGES AND SUBWAY, LONDON. 


side and meeting in the center of the opening. It is intended 
that these drawbriges shall be capable of being run back 
their full length in two minutes, Under the central opening 
span there will be a subway of 200 ft. in length for the pas- 
sage of passengers and vehicles during the time that the 
drawbridges remain open for the passage of large vessels. 
Passengers und vehicles will be lowered into the subway 
and raised again at the other end by large hydraulic lifts 
working in shafts in the two piers placed in the river, 
These piers are intended to be about 60 ft. in width by about 
100 ft. in the direction of the stream, and in each there will be 
two bydraulic lifts with platforms of about 40 ft. by 25 ft. One 
of these lifts will be used for traffic going io one direction, 
and the other for traffic going in the opposite direction, so 
that no interruption or blocking of the traffic can take place. 
Each lift will accommodate four vebicles and a large number 
of foot passengers, and would be lowered or raised in one 
mivute. The approaches to the bridges will he short and 
have moderate gradients; that on the ‘lower side of the river 
being 2i2 yards in length, having av inclination of 1 in 50 





will be used for all street traffic in the same way asthe other 
bridges over the Thames, The bridge could be opened spe- 
cially for vessels to pass at avy other time thanthe one hour 
at high water us previously mentioned. The fact that at 
Seacombe Ferry a hydraulic lift is in daily operation, lifting 
and lowering passengers. vehicles, and railway wagons, is 
referred to. Of the several advantages claimed for this form 
of bridge, the following is placed fifth—Small cost of the 
bridges, the three being estimated to cost £1,274,865 sterling, 
iacluding approaches and compensation. This latter item— 
that of cost—--is very important, as it affects not merely the 
east end of London, but the whole metropolis. The dotted 
lines in the above engraving represent London Bridge 
spans.— The Engineer. 











THE WASHINGTON AQUEDUCT TUNNEL AND 
ITS COMPRESSED AIR PLANT. 


Tue water situation in Washington is a somewhat pecu- 
The source of supply is unlimited, and the ex- 


culiar one. 


As the purpose of the present article is to describe the 
contractors’ plant, we wi!l leave the tunnel and its completed 
arrangements for the conveyance of water a subject for fu- 
ture consideration, 

Four working shafts are located upon the tunnel line, 
marked A, B, C,and D upon the general plan. Com- 
— air bas been adopted by the contractors, Messrs, 

eckwith & Quackenbush, as a motive power, not only for 
the drills to be used, but also for all hoisting, pumping, .nd 
ventilating purposes. The contract requires four drills ina 
heading, or twenty-eight drills in all. 

Under these circumstances it can readily be seen that the 
power required to run this combined plant was necessarily 

reat, and formed a serious item in the preliminary work. 

he well known machinery of the Ingersoll Rock Drill Co, 
having been selected by the contractors as best adapted to 
the work in hand, the first point to be settled was whether 
each shaft should be fitted out with a separate plant, or a 
central station provided to supply the whole four miles of 
work. This subject was carefully considered by Mr. Pierce. 
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the Vice-President of the Ingersoll 
and their consulting engineer; the hauling of some 500 tons 
of coal per month over the steep roads of the region cov- 
ered, and the amount of skilled labor required by a divided 
plant, were found to outweigh in cust the necessary pipe line, 
of a central plant, and the latter was adopted as the most 
economical. 

The supply of fuel being a guiding consideration, the 
central station was located at E, on the general plan, near 
the mouth of Rock Creek, and directly upon the Chesapeake 
and Ohio Canal, where coal could be delivered at a minimum 
cost. A substaotial building was here erected to cover the 
compressing plant about to be described. The power is fur- 
nished by six return tubular boilers, made by the Ingersoll 
Co., each boiler 66 in. in diameter and 14 ft. long. These 
boilers being arranged ia one battery, as shown on the plan, 
have running over the rear ends a steam-drum 16 in, in di- 


ameter und 44 feet long, supported upon the brick dividing | 


walls, Adin. steam pipe starting from a nozzle in the 


Co., and the contractors | the second receiver at the central station hy a 12 in. cast- 


ent time he employs over 100 men and some 50 horses, 
among them being the remarkably fine teams of powerful 
| mottled grays (stallions) seen drawing the immense blocks 
iron equalizing tank 4ft. long and 20 iv. in diameter. From | of brown stone used in the General Post Office and other 
this tank two 10 in. pipes branch out, one to supply sbafts | buildings now in course of erection, Stone from these quar- 
B and A, the other toward shafts Cand D. Near shaft B/ ries, wheu in competition with Tasmanian and other stone, 
a 6 in. pipe leads the air to A; and in like manner another|has won the prize medals. Mr. Saunders got the bronzc 
6 in. pipe passes from the neighborbood of C to D shaft. | meda! at Melbourne, and a silver medal for stone sent to the 
All the overground pipe is cast-iron, bell-jointed, and, | Amsterdam Exhibition. 
leaded; the pipe follows as near as possible the street lines, The quarries face Glebe Bay, in Sydney Harbor. The 
and is buried beyond the risk of interference or damage. The | point of view of our main sketch is just above the waterline 
estimated loss from friction is only 5 per cent., owing to the | of the bay. There the face of the quarries varies from 40 ft. 
generous section of the pipe used. | to 60 ft. in depth, and there are immense stretches of it in 
In the shafts and the tunnel, 6 in. and 4 in. wrought-iron | which the solid, rich brown stoue occupies the whole face. 
pipe will be employed. To facilitate the work, Mr. Saunders has gone downward 
The plant to be operated by this compressed air is as fol- | from 16 ft. to 20 ft. deeper than the quarries were formerly 
lows: Four Lidgerwood hoisting engives, double-geared, | worked, until the rock bed is reached. And now, by the 
reversible link-motion, with clutch and safety brakes; these | aid of the huge blasts of powder, put in from the top right 
engines will handle balanced cages. For the present tbere | down to the bottom of the layer of freestone rock, the whole 
will be three Knowles pumps, each with cylinders 10x6x12 | mass is shifted or rent apart, and made available for cutting 


a line indicated upon the gen- 


iron pipe, avd passes, b 
eral plan, to the point, F; it there terminates in a boiler- 


front of each boiler, each provided with a throttle valve, 
etc., leads the steam from the boilers into the common 
steam-drum. This arrangement makes it possible to cut 
off any one or more of the boilers at will. 

Four Ingersoll ** Straight-Line compressors (described 
in Engineering News of Jan. 12) compressed the air. These 
machines are of the latest construction as regards design, 
economy of steam used, and convenience of operation; they 
have 24in. cylinders and 30 in. stroke. The steam ends are 
fitted with adjustable cut-off valves. To the air-cylinders 
are attached pneumatic automatic regulators, which govern 
the speed of the engines, maintain air of uniform pressure 
in the pipes, and thusdo away with the wasteful and ex 
pensive practice of ‘* blowing off.” Space forbids our de- 
scribing in detail this exceedingly ingenious device, but we 
must further remark that it will throw the engine “ off cen- 


in., and two Knowles pumps with 8x6x!2 in. cylinders. 
The drill plant will cousist of 28 Ingersoil ** Eclipse” rock 
drills, 314g in. cylinders, of the improved tunnel pattern, 
with variable stroke. 

The daily contract progress to be made is 49 lineal feet 
of completed tunnel. 

For the general plan of Washington presented, we are in- 
debted to Capt. R. L. Hoxie of the Engineering Department 
of that city, who has also furnished other data used in this 
article. The plan shows some other features of engiveer- 
ing interest, besides the tunnel line; the cross-sectioned por- 
tious show the limits of the improvement of the Potomac 
Flats, and the regulation of the Eastern Branch, now in 
part course of construction. Near the tunnel-line is indi- 
cated the proposed Rock Run Storage Basin, referred to by 


| 


into any sized blocks that may be required. In order toshbilt 
such hugemasses, Mr Saunders brings inthe aid of steam 
very freely. He has, in these quarries, seven steam cranes, 
and about 20 other cranes, several of them lifting from 20 to 
25 tons at atime. Wagons of proportionate strength are 
| used for carrying the blocks, and they are drawn by the 
grand teams already mentioned. At Johnston’s Bay, not 
far from the quarries, a stove wharf, 400 ft. in leagth, has 
| been erected into deep water, and there stone is shipped for 
various ports of Australia, and in such blocks as may be re- 
quired. There are three cranes on this wharf. 

The stone sawing and stone planing machines at work at 
these quarries, some of which are shown in our illustrations, 
are a comparatively new deveiopment of the stone trade in 
this colony. The saw cuts into any sized slices blocks of 
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1. The North Quarries, from the Side of the Machinery House. 2, Stone Sawing Machine. 3. Stone in the Rough, 


THE FREESTONE QUARRIES AT PYRMONT, SYDNEY, NEW SOUTH WALES. 


and Sawn for Flagging, etc. 4. Planing and Moulding. 


ter” if carelessly left in that position, and through it the 
men in the headings, miles away, practically regulate the 
speed of the compressing engine and the consumption of 


us lately in our notice of the last annual report of the En-| stone up to 11 ft. in length and 4 ft. by 5 ft. 6 in. t depth and 
gineering Department of Washington. This storage basin | width, The sawing machines are by John Me Dowall, of 
isa wise provision both for the immediate present und the fu- | Johnstone, Scotland. The saws are powerful blades of iron 





ture needs of Washington, and is the result of a long and 
exhaustive study of the subject by Capt Hoxie. As re- 
spray of water injected into the air-cylinder by,a small | marked by him in bis report, its construction would do 
pump, and is discharged in this condition iat the uair- | away with the ever-present danger of depending upon one 
receiver. |source of supply; it would provide a daily supply of 26 
The air comes from the compressors by a 12-in. pipe | million gallons, gathered from arocky and uncontaminated 
which enters at the top of receiver No. 1,.and descends in- | water-shed, so near the distribution that long conduits and 
side to within a short distanee of the bottom of the tank; as/| the resulting loss of head would be avoided. And more im- 
there is about two feet of water fn each tank, theair is dis-| portant still, as soon as the future would require it, a sup- 
charged beneath the surface and must rise through this wa- | ply of 500 millon gallons per diem. if wanted, can be ob- 
ter before it can pass over, through another 12-in. pipe, to | tained from the Great Falls of the Potomac, -by connecting 
receiver No. 2; it there again discharges under water as be- | the upper end of this basin with the point named by a com- 
fore, and finally, from the top of the second receiver, passes | bined canal and tunnel line. It isa project worthy of the 
into the general supply main | centra!] seat of government and the denartment that bas its 
This rather paradoxical method of passing compressed | engineering improvement in charge.—Hngineering News. 
air through water, to dry it, experience teaches is the most . 
practical way of depriving it of the moisture that would oa saan aie ee 
otherwise give trouble by freezing in the exhaust ports of STONE QUARRYING AT SYDNEY. 
the machines using it. It is the system inuse with the | TxeE illustrations in this issue will afford those who have 
best European compressors, but the Ingersoll Co. is the first, | not the opportunity for witnessing the works, some idea of 
we believe to successfully apply it in this country. The | the immense developement of stone quarrying at Pyrmont. 
builders of the “ Straight-Line” compressors claim that aj The streets of Sydney, and many of the towns of this and 
working air pressure of 80]}b. persquare inch can be main-| the neighboring colonies, bear evidence of the substantial 
tained by a steam pressure of 60 Ib., cutting off at 3¢ stroke | beauty and durability of Pyrmont stone. The quarries illus- 
or with an average s‘eam pressure of 46 Ib. | trated are those of Mr. Robert Saunders, who has sbown 
To convey this compressed air to the working faces of marked skill and enterprise in developing this business. His 
the tunnel, a pipe line 5 miles long over ground is required; operations are carried on at three different quarries of Pyr- 
and by the time the tunnel is completed, 10 miles ‘of pipe | mont and Ultimo. Some of the works have been in opera- 
will be in use, this will be the greatest distance compressed, tion more than 30 years, others have been opened out by 
air has ever been carried in this country. The air leaves | Mr. Saunders during the last five or six years. At the pres- 


fuel in proportion to the amount of air consumed. 
During the compressing process, the air is kept cool by a 


4in. by 14 in., carried backward and forward in a strong 
frame, moved by steam power. Water and sand are used as 
cutting agents under the blades. The sand is imported, and 
is a bard, flint-like substance. Water drips from pipes upen 
the stone as the cutting goeson. The work is done rapidly. 
and there is no waste, as the case is when stone bas to be 
chiseled out of the block. By this means, flagging for veran- 
das and paving and for various other purposes is got out with 
much facility, and at rates of cost which bring it below the 
| price of concrete work. 
| The planing machines are by Coulter, Harpin & Co., the 
agent bere for whom is Mr. Charles Dobson. These ma- 
chines deal with stones of any size to 10 ft. long by 5 ft. wide 
and 2 ft. 6in. deep. They plane one or more faces of the stone, 
bevel, and mould them in various forms, and with the neces- 
sary precision for such work as sills, landings. steps, and 
other work. The cutting tools operate on bard as well as soft 
stone; indeed, the stones going through at the time of our 
visit, and being turned out as handsomely moulded steps, are 
so hard and tough that men did not care totackle them with 
| ordinary hand tools. It is noticeable in these quarries that 
| the stone in the northern division is harder than that got in 
the southern portions. Thus all purposes can be suited, much 
of the stone being very hard, close, and dense, and suitable 
for buildings of the most elaborate character. 

Of this type—that is. hard. close, brown freestone—may 
be mentioned the new buildings going up for the Austra 
lian Mutual Fire Insurance Society, at the corner of King 
and Pitt streets. This building would be a credit to any 
| city. The General Post Office also is being built from these 
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quarries, and immense blocks are being used in them. The | prehension of the subject, has evidently more in view these 
new buildings of the Joint Steck Bank, corner of George | uses than the full requirements of large industries, and has 
and King streets, are also to be of brown Pyrmout stone. | arrived at very strong conclusions as to its economy and 
The grand buildings uf Messrs. Vickery, in Pitt street, and | general utility. He says that if we do not regard the bene- 
many others in our leading thoroughfares are of stone got | fits we shall confer on the coming race by the saving in coal, 
from these quarries, and some of the buildings are becom-| we must still consider that the present generation would fare 





ing of an age to test the quality of the stone very fully. 
For durability, solidity, and substantial work, it would be 
difficult to find better in any city. 

The stone sawing and stone dressing machines in Mr. 
Saunders’ quarries are in a large building of handsome ele- 
vation, part of which is seen in the foreground of our prin- 
cipal picture. It is roofed with iron, aud is 180 ft. in length 
by 72 ft. wide. A traveling crane overbead moves the huge 
masses of stone about as may be required. Motive power is 
got from an 18 h. p. condensing engive, made specially for 
the work by Messrs. Fowler, England. The boiler and 
gearing are all of steel, and though considerable strain is 
put on the engine while the planing machines are at work, 
the whole goes on with quietness and ease that are remark- 
able. Indeed, the whole of the work is conducted with the 
system, skill, and care which prove there is a thoroughly 
competent mar at the head of affairs, and such undoubtedly 
is Mr. Robert Saunders, of the Blackwattle Bay Quarries, 
Pyrmont. The property, it may be added, is worked under 
lease from Messrs. Harris. The newer portions shown in 
our illustration were first commenced many years since ; 
but steam was not tie effective agent that itis now. After 
taking off a portion of the softer top stone, the quarry was 
abandoned, and remained in that state some 20 years. But 
Mr. Saunders saw there was grand stone under the top lay- 
ers, and though Messrs. Harris had determined not to re- 
open the ground, they made an exception in his case, and 
the splendid quality of the stone, and the effective manner 
in which it is worked, show that they adopted a course 
which is decorating Sydney and many other purts of the 
country with buildings of the most substantial character.-— 
Town and Country Jour. 





GASEOUS FUEL.* 


By Lewis T. Wricat, A.M.Inst.C.E, F.C.S. (London 
and Berlin.) 


THE advantages of fuelin the gaseous form, as compared 
with solid fuel, have been often discussed and advocated 
with beneficial results; for gaseous fuel has found almost 
enormous applications in many industries. It is not, there- 
fore, to be doubted that, with the advance of time, gaseous 
fuel will be preferred in all manufactures consuming large 
quantities of fuel. Some of the recent great advances made 
in certain industries have been ascribed to the use of gas- 
eous fuel; and we may be prepared to see its almost univer- 
sal application when the scientific principles involved are 
| nnd understood and more fully worked into practical 
orms. 

The subject is one that is now being very busily canvass- 
ed in this country, and is often written about, with more or 


less intelligence, and more or less deviation from the facts | 


(both theoretical and practical), which should be observed 


and treated as factors of great importance in our estimates | 


of its commercial prospects. In Germany, gaseous fuel has 
quite a literature; and of late, indeed, the number of papers 


published in this country on the subject, or on allied mat- | 


ters, is perfectly overwhelming. The actual experiences of 
the use of gaseous fuel for,manufacturing processes have 
tempted many to discuss its application to purely domestic 
purposes, to be conveyed for these purposes from central 
manufacturing stations to the houses, The question has 
been also mixed up with the recent great outcry concerning 
London smoke and fog; and all sorts of propositions have 
been suggested and hinted at for the supply of gaseous fuel 
to town houses, so as to dispense with this soot and smoke, 


‘which no doubt pollute our atmosphere, and render life 


less agreeable than it otherwise might be. These evils of 
London fog and smoke are attributed to the use of coal in 
open fireplaces, and to remedy these causes of annoyance 
the noxious coal is to be displaced by gaseous fuel of a high 
calorific and nominal pecuniary value; the whole subject 
being mixed up rather inextricably with questions of resid- 
ual products—tar, ammonia, coke—monopolies, bigh divi- 
dends of gas companies, and advice to these latter, suggest- 
ing all sorts of alterations in their present methods of pro- 
cedure. 

The gas companies and the manufacture they carry on 
have necessarily been mixed up in the question; for they 
already supply to houses an article which, although mainly 
intended as an illuminating agent, is a fuel of very high 
quality. Yet many scientific people seem to be confirmed 
in the belief that the time will soon arrive when there will be 
two — of gas—one for heating, and the other for light- 
ing—and that coal fires and their kind will soon disappear 
from houses, and be seen only in museums devoted to social 
antiquities. But these convictions appear to be founded on 
the statements often made of late, that coal can be gasified 
into a very large volume of fuel of bigh heating power, at 
the same time collecting valuable residuals—tar and ammo- 
nia—the worth of which, together with the small manufac- 
turing expenses, will enable the gas to be sold ata rate ex- 
tremely low and economical as compared with solid fuel, 
and enormously so as regards coal gas at its present prices. 
There are strange errors universally committed, of ignoring 
Che expenses connected with manufacture, distribution, wear 
and tear, and interest on capital. As will be shown further 
on, these charges are necessarily and unavoidably heavy, 
though their true importance seems only to be recognized or 
understood by those who are engaged in the supply of coal 
gas, and who consequently have practical and daily experi- 
ence of their amount. 

The theoretical portion of the subject has lately been very 
ably treated in an admirable little work by Dr. A. Naumann, 
of Giessen. His brochure, *‘ Die Heizungsfrage,” leaves 
very little to be said on the science of the subject; but the 
practical commercial aspect of the question he does not ap- 
pear to have investigated. There have been in Germany 
serious discussions on the advisability of manufacturing wa- 
ter gas fer domestic and trade purposes; and | believe there 
was some talk of supplying Frankfort-on-the-Main with this 
commodity. This water gas has been largely made in 
America, though not always specially for heating pu 1 
but rather for lighting, after impregnation with luminiferous 
hydrocarbons. In the present r it is not intended to 
regard the use of us fuel on spot of its manufacture, 
but only to examine the question from the point of view of 
town supply for domestic purposes, such as heating and cook- 
ing, and for technical uses in small trades. Dr. Naumann, 
who writes with the advantage of a perfect theoretical com- 








ages before the Manchester Section of the Society of Chemi- 
cal ustry, on December 4, 1883. 





better. There is much in the saving of fuel; but there are 
further advantages—the possibility of working up now al- 
most worthless fuel, such as peat, lignite, etc.; and though 
this remark does not apply with much forceto London, yet 
it would be something to consider in the case of towus near 
a large supply of such inferior fuels, and where good coal 
is dear. bere is the absence of soot and smoke, the disap- 
| pearance of ashes and of the necessity for cleaning up dirty 
| fireplaces. With gaseous fuel, the cook and housemaid are 
iu Elysium. A match, or perhaps a self-iguiting gas tap, 
| lights the fire, and a turn of the hand puts itout, Of course, 
| at the present time, there is a supply of coal gas which can 
be and is used for heating purposes; but its employment for 
| heating is extremely limited as compared with the total 
quantity of fuel used. Some coul gas is used half unconscious- 
ly for heating. The gas-burners are often lighted to make 
| rooms alittle warmer, and a cold day causes a perceptible 
| increase in the consumption of coal gas. On the Continent 
| there are not a few towns which have two gas supplies—one 
| for heating and gas-epgine purposes, and the other for light- 
|ing; but the quantity used for heating appears to be about 
5 per cent, of the total gas supply, and is not very encourag- 
| ing in amount. 
hatever reasons may be found for the er egy 
small use of coal gas as a heating agent, for which its hig 
| cxlorific value and (in London at least) its purity render it 
| highly adaptable, I cannot think that the repugnance to a 
| new fuel is one, but rather its price as compared with coal. 
It is very certain that, with a gaseous fuel already at their 
doors and in their houses, the inhabitants of London have 
not largely availed themselves of its advantages. As a light- 
ing agent it reigns supreme; and justly so, for itis economi- 
cal and simple in use. The time bas come when the subject 
of a second supply of gas for heating should be discu on 
rational grounds, cleared of all imaginary factors supplied so 
freely by sanguine minds. Iu the choice of the gas which is 
to be the gaseous fuel of the future, I réally do not think we 
suffer much embarrassment, for there are not many combus- 
tible gases available. We have coal gas (a mixture of hydro- 
gen, marsh gas, carbonic oxide, nitrogen, and hydrocarbon 
of unknown composition); generator gas (carbonic oxide and 
nitrogen, or carbonic oxide, hydrogen, and nitrogen); and 
water gas (a mixture of carbonic acid, carbonic oxide, hydro- 
gen, marsh gas, and nitrogen). This latter gus—i. ¢., water 
§ s—has been fixed upon by Dr, Naumann, and aiso by Herr 
. Quaglio, in his book entitled ‘‘ Wassergas als der Brenn- 
| stoff der Zukunft,” as the fuel of the future. 
To allow a comparison between solid and us fuel for 
domestic uses in London, I propose to consider some ques- 
| tions as to the efficiency of coal, and the cost of the useful 
| heat it contains. What is the percentage of the total store 
| of heat in good coal which we can utilize ? Naumann, who 








| has examined this question, has arrived at the conclusion 
that only 50 per cent. of the possible heat of coal can be re- 
covered for useful —— in good boiler installations. 
| Stegmann, in ‘* Die entung der Gas Feuerung” (1877), 
has stated a similar ar Wolpert, in “ Ventilation 
und Heizung ” (1880), says that in good installations two- 
thirds of the total heating power can be utilized. Lewis 
| Thompson found an efficiency of y 40 per cent. The 
researches of Scheurer-Kestner and Meunier are perhaps the 
most extensive, and show an efficiency of 59 percent. Their 
experiments proved that the calorific value of coal cannot 
be calculated from the composition as determined by ultimate 
analysis, and demonstrated that the usual formula— 


8,080C-+84, 462 (u- 4 ) 


was especially faulty, and that the actual calorific value, as 
determined by a good calorimeter, exceeded even that calcu- 
lated from the formula 8,080C+-34,462H. This latter for- 
mula, which ignores the oxygen in the coal, gave calculated 
results on the average of nineteen cases, exceeded by the 
true calorific value by about 5°4 per cent. The minimum 
excess of determined overcalculated value was 1°3 per cent. 
and the maximum 10°6 per cent. Other authorities have 
urged the uselessness of calculated calorific values for accu- 
rate purposes. Among these I may mention L. Gruner. 

It is still the practice in this country to calculate the value 
of a coal by means of Dulong’s formula— 


8,080 C-4+34,482 (a ui +) 


land so we are in the habit of much underestimating the 
/total store of heat in our coal, and consequently overesti- 
|mating its efficiency. The average loss in boiler installa- 
tions is supposed to be 50 per cent.; and I do not believe, 
from my own experience, that this loss is over-estimated. 
| This evil is attributed to the solid form of the fuel, which 
|excludes a perfect distribution of the air to the fuel to be 
|consumed; here and there a considerable excess of air with- 
|out its oxygen serving for purposes of combustion, and in 
|other places deficiencies of air supply resulting in the im- 
| perfect combustion of the carbon to the carbonic oxide, and 
|the copious formation of combustible distillation products 
which escape combustion. The question here presenting 
itself is, What is the average efficiency of solid fuel as burn- 
ed in open or ordinary domestic grates? Absence of data 
renders an estimate necessary. If the efficiency in boiler 
| installations, under excellent conditions, be only from 50 to 
|59 per cent., is it fairly correct to state the efficiency in 
| domestic fireplaces as 40 per cent.? I adopt this figure with 
a belief that it is not too low, and one fairly representing 
| the average. What, then, is theprice at which the inhabitants 
,of London obtain artificial heat from solid fuel? With coal 
|} at 228. per ton, of a calorific value per kilogramme (as de- 
| termined by a calorimeter) of 8,300 kilogramme degree Cen- 
tigrade calories, and an efficiency of 40 per cent., the price 
of 1,000,000 calories is: 
22 x 1,000,000 
8,300 x 0°4x 1,016 
| On the subject of coal gas (which is probably of higher 
| calorific value than any other gaseous fuel likely, in these 
| times, to become a commercial product) there are, in many 
| quarters, most extraordinary misconceptions afloat. These 
| misconceptions are either founded on a deep ignorance of 
the economics of the coal gas industry. or are due to the 
| statements of persons who are powerfully biased by pre- 
judices concerning existing institutions. short statement 
of the present position of a me” serve to 
clear up some of the fabu reports now current. The 
revenue of a gas company consists of the proceeds of the sale 
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of gas, coke, tar, and ammonia, together with trifling 
amounts for meter rents, and charges Of a somewhat similar 
nature. The following table, which I bave prepared, will 
|serve to show the relative importance of each of these 
sources of revenue: 

Percentage Value of Hach Product to Total Revenue. 


Ammo- Sun- 
Coke. Tar. nia. dries. 


Gas. 
Nottingham Corporation, 1881 75°06 829 821 3°27 5:17 
South Metropolitan Company, 


Bd hawvats cassbecedeeess 72°05 15°18 5°34 704 0°39 
Gaslight and Coke Company, 

GOONS Cs ea Saws ca cabaedsciay 78°47 11°48 2.98 6°86 0:26 
Compagnie Parisienne (Paris 

Gas Company), 1881........ 70°70 18°00 3°40 1°90 6:00 


From these examples it will be seen that gas is by ve 
far the main source of revenue to gas undertaking. Gas is 
their raison detre. The undertakings referred to in the 
table are worked under very different circumstances as re- 

rds prices of materials, capital expenses, etc.; but serve to 
iudicate that from 71 to 781g per cent. of the revenue must 
be for gas. After gas, coke is the chief item, and brings in 
from 114¢ to 18 per cent. of the revenue. Much stress is 
laid upon the value of tar and ammonia, which are supposed 
by the public to be enormous sources of revenue to gas 
companies. When examining the expenditure of gas com- 
panies, etc., the full value of these products will be better 
| understood; but it will be well to note that tar and ammonia 
| together yield the following percentages of revenue: 


Nottingham Corporation........... 11°48 per cent. 
South Metropolitan Company....... 12°38 - 
Gaslight and Coke Company... .... 9°84 =i 
Paris Gas Company.... ........00 5°32 _ 


I do pot say that tar and ammonia are unimportant 
sources of ee but that their importance bas been ex- 
aggerated. It is a favorite remark. in some badly informed 
quarters, that tar pays the dividends of gas companies, Tar 
really pays about one-fifth of the dividend. 

The conditions under which tar and ammonia are pro- 
duced and collected are favorable, since their removal is 
compulsory, whether they possessed value or not; and, 
further, it is hardly probable that any method of treatment 
to which coal could be submitted would yield more money 
value for them than is the case at present. A word or two 
respecting these products will not be out of place; for, in 
most schemes concerning gaseous fuel,they play a prominent 
part. It has been known for many years that the present 
method of destructive distillation of coal affords only about 
one-fifth of the total possible ammonia; and I do not see 
much rexson for supposing this amount to be capable of 
very great increase. The cyanogen in coal gas—at present 
neglected in this country, and only partially utilized any- 
where—would, if collected and converted into ammonia, 
bring the amount of useful nitrogen in the coal to one-fourth 
or a little more, instead of one-fifth as at present. It must 
not be forgotten that the ammonia market is now suffering 
| from extreme depression, with all the symptoms of over- 

production, possibly aggravated by the low price of nitrate 
|of soda; therefore increased production, by the general 
|adoption of coke ovens adapted to the collection of resi- 
duals, will tend to keep down the price of ammonia. So that, 
in discounting the chances of schemes dependent on the 
|sale of ammonia, account must be taken of the effect of 
increased production on an already over-produced market, 

With reference to tar, it must unquestionably be admitted 
| that the method at present employed of distilling coal in re- 
torts at a high temperature is favorable to the formation of 
| certain valuable hydrocarbons, such as benzene; and that the 
| tar (if it cau justly be called tar) made from coke ovens can 
| but slightly enter into competition with gas tar, since val- 
uable hydrocarbons are not readily formed under the condi- 
tions obtaining in coke ovens. But the tar products market 
| appears to be suffering from over-production, There is the 
joven of the extraction of benzol from coal gas; but there 
! is not much known on this subject, which has several aspects. 
In the case of benzol extraction from 17 candle coal gas, the 
| quantity of hydrocarbons, other than methane, is from 4 
per cent. of 3°5 carbon density to 5 per cent. of 3 carbon 
density. The latter quantity (which is taken from my own 
}analyses) would give, on the supposition that the hydro- 
| carbons in question consisted only of ethylene and benzene, 
a quantity of the latter equal to 3°08 gallons per ton of coal, 
or 10,000 cubic feet of gas. This supposition is far too 
| favorable, for there is an immense variety of hydrocarbons 
in coal gas; probably every one found in coal tar being more 
or less represented in the gas, in amounts mainly dependent 
on their vapor tensions. The actual quantity I believe to 
be about 1°5 to 2 gallons of 90 per cent., and that 1°5 gal- 
lons would be about the average for 17-candle gas. The gas 
so deprived of itsilluminants would require recarbureting; 
|} and this, judging from American experience, could only be 
| effected at a cost of about 48. 6d. per 1000 cubic feet. The 
question is whether the benzol extraction process would 
more than pay for this recarbureting. In the case of the 
gas from coke ovens, it remains to be known that benzene 
occurs in paying quantities. On this matter I bave no precise 
data; but what scientific evidence there is on the subject 
points to an almost complete absence of benzol. 

Having slightly reviewed some matters connected with 
products, I propose to consider the calorific value of coal 

as applied to the metropolis. Analyses made by Dr. 
Frankland in 1851 would give for the gas made from ordi- 
hary coal, with the usual percentage of caunel, an average 
composition of— 





co, es eecces seers eesereeerene Coc erceseseces 0:36 
OD ccscnccaseccecpageseccoces asccane! 66 eos O57 
Do cvsecs cccraccesesscecocccesee secekesess 2°39 
| Serre 06 poten as isedeccccescoes 47 65 
Dies apicesess aes sueveneseences ececcoseee 7°62 
Oe cccceccusse cs coccce eeeccccercces cooe 8°25 
GEG 000s ede iebehie evbedeccccee icsedaia 38°16 

100-00 


In calculating the calorific value of gaseous fuel, it is best 
to refer it to the cubic meter, since all the data used for the 
calculation are founded on the experiments of those who 
have used the metric system. The above composition yields 
the following figures: 


Calories. Calories. 
OOei «serve . 0°0086 — seses eee 
coca onaleae 90057 - eddene ae 
Tp és cenese.00ies OGD = santas os 
6 eoeeee 04765 X 2,572 ........ = 12260 
ee ébem- de 00762 x 3055 ........ = B28 
hehiont «ad 00825 « 24,820 ........ = TOS 
ites nied uss 03816 x 8,576 ........ = RB0 








leub. meter. ~ Calories 56223 
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The numbers employed in this paper for the beat of com- | 
bustion of different gases, etc., are similar to those used | 
by Dr. Naumann, which are mostly founded upon Thom- 
sen’s results, In all cases where hydrogen or hydrocarbons 
are concerned, the heats of combustion are on the basis of 
gaseous water. In calculating the value of the hydrocar- 
bons C,H», I have taken a number which is very nearly the 
mean of the heats of combustion of etylene and benzene. 
The true value being unknown, a hypothetical one must be | 











adopted. : ‘ | 
Mr. Humpidge examined London coal gas in 1876; and 
from his figures Lhave taken tbe following averages: 
OD. concecsoccceponcccccerceosses. seccceces 0°60 
We cccccccccccceccccccocecccccesscorse ssece 5% 
Bh... ccccccccccccccccc covcccccccosscesess 47°80 
OO 01. cncccaccccccccsctccccccescscosscosecs 5°30 
C,H PTT ETTETITPLILIET itt 4°10 
CEN g. cccveccccccccccccccccconccsesesecsees 36°90 
100-00 
Calories. Calories. 
O wrccceccees 0:006 — — sececeee _ 
BE. cescescees 0058 —  eoceccce = 
BE occ ce: esicue O'478 X 2,572  ..cseees = 1229°0 
a. iserenen 0-083 X ¥,055 ........ = 1619 
Calle «2000s: 0-041 X 24,320 ........ = 9972 | 
CH,.. . 0369 x 8,576 ........ = 31640 
1 cub, meter. Calories 5552°1 
Dr. Naumann offers a case calculated from an analysis, 


published in Bunsen’s ‘‘Gasometrische Methoden,” of Hei- | 
delberg gas, which I bave recalculated on account of an | 
error, and in order to bring the C,H, value to the same as 
I have adopted in my other calculations. Dr. Naumann’'s 


result is: 
Calories. Calories. 
ODs édeccwese 0°0301 —_, peace — 
Ng ccccresese 00215 — pes cee — 
Sisto weodhee 0 0065 —— eee — 
ot ae «- 0°0255 (. 356°9 
Geis o ctévwis 0°0121 005094 ....... 205°1 
lle vsdatass 0-0138 J otens 459°1 
Pe er 0°4620 x 2,572 ......- = 11883 
Ollie ict ceehed 084023 x 8,576 ....... 2017°5 
OB. i dictating 00888 x 3,065 ....... = 27°1(?) 





1 cub. meter. Calories 5154°0 


This I have rearranged to bring it into conformity with 
the others, and to correct the error in the carbonic oxide 
value: 





Calories, Calories. 
Cie: 5 s04nine eee.» 00301 ORS ak Sipe — 
iv ses écimeneuanle 00215 it: aikeeues — 
iin ba ccrveiniaas weak 00065 Wt b Goaindly: tan — 
i SERS den ager Se 00509 x 24,820...... = 1288-0 
REP irelt foes’: 04620 x 2,597 ..... = 11883 
AE < onigiieteabacts 03402 X 8.576.......= 2175 | 
Gis cane hiimeahibe 0°0888 x 3,055 = 271°3 





1 cub, meter. Calories 5615‘1 

The other case quoted by Dr. Naumann is founded on an 
old analysis, and brings out a result of 7,120 calories per 
cubic meter; but the analysis is very doubtful, and must be 
disregarded. 

There are two more cases which I will quote from my own 
analyses of London gas. They represent the two extremes 
of carefully made 16 to 18 candle coal gas: 








Calories. | 
a OG1G0 >< 3,078 ...- 00. = 13320 
Reb 66.cheaseeces 00910 «x 3,055.......... = 2780 
Cicasdhin once 0°3180 x 8,576.......... = 2727°0 

8 0°0520 x 24,320... ...... = 12650 | 

Bibs é Capanednen 0°0210 — saenenee ae _ 

1 cub. meter. Calories 5602°0 | 

} 

Ge) a-ccccccccces 0°4882 x 2,572.......... = 123430 | 
1 PORE 00463 x 38,055......... = 1415 
SA 0°8055 x< 8,576.......... = = 8392-0 
fA 0°0518 x 24,320.......... = 1259°0 

ess ee apes 0°0232 ae Se occeuane = 








1 cub. meter. Calories 6035°5 


Summarizing these results, we have— 
Calories. 





London gas, 1851 (Frankland), per cubic meter. .5522°3 
es, ** 1876 ‘Humpidge) Mi **  , .6552°1 
me ** 1883 (Wright, No. 1)‘ **  , .5602°0 

“ ‘* 4883 (Wright No. 2)‘ © 60855 

Heidelberg gas (Bunsen) « « , .0615'1 


* These numbers are on the basis of dry gas at 0° C. and 
760 mm. Bar. The store of heat in the gas resulting from 
the distillation of coal is about 17 per cent. of that in the ori- 
inal coal. This is arrived at thus: The quantity of gas! 
m a ton of coal brought to cousumption is 9,900 feet, as 
measured at the consumers’ meters. Reducing this figure | 
to dryness 0° C. and 760 Bar., the quantity is 9,108 cubic | 
feet, or 257°8 cubic meters. I will take as the calorifie value 
of the gas 5,550 calories per cubic meter; then 2573 5,550 
=1,480,790 calories per ton of coal. The coal I will take as 
of 8,800 calories per kilogramme, or 8,300 1,016=8, 482,800 
calories per ton. The store of heat in the gas then is— 
1,430,790 
8,482, 800 = °'1607, 
or 17 per cent. of the store of heat in the coal. If we reckon 
the price of gas in the metropolis us 3s. per 1,000 cubic feet, 
Thus: 1,090 
would be, ap- 


the cost per million calories is £1 0s. 914¢d. 
cubic feet measured dry at 0° C. and 760 Bar. 
proximately, 26 cubic meters, Then— 


36 x 1,000,000 
26 5,550 


It is necessary to consider certain indispensable expenses 
attached to the manufacture and supply of .coal gas, for | 
these charges would bear upon apy kind of gas, supplied by | 
mains se in a manner dependent.on bulk and | 
specific gravily: and not upon quality. It will be found that | 
a poor gas will cost nearly as much as arich one. The fol- | 
lowing estimate of the cost per 1,000 cubic feet of coal gas | 
supplied to the metropolis is founded upon Mr. Fields 
- of the Metrcpolitan and Suburban Gas Compa- 
nies’ Accounts for the Year 1881 ”—a work of high auther- | 


i 


= £108 9a. 








Coal..... . bas ded owes n0bd Se cecedsence’s éheton +» 18°7d. 
Purification. ........scceee pines Cs Bows co cceue 08 
Supervision in manufacture. .............+++++ - O4 
COFCCMMINE WEBER. oociccccseees cesosrecces <9 OF 
[This charge is almost entirely for the labo 
employed in charging and drawing the re- 
torts. ] 
WERE ORE CORE ie ccsicsecccn se, oncensscsene ov asies 5:1 
[This charge is incidental to the maintenance 
of the plant connected with gas manufacture. ] 
Distribution charges, salaries, and wages cou- 
MOCOND WH GREENE, GOB. de cccccctes. vee eee ce 0-7 
Wear and tear (covering maintenance of distribu- 
eee 6066S Oe deeenese doce 1°4 
Rents, rates, and taxes. .o.....sscccccesees eves 1°7 
Management charges— 
PIRIOGOOER, GUETIOT, GOB. o s occccccccccccscceces 05 
CONE, on cin d die p0ncen 4b %0¢dnees evccvece 05 
COMSCORE; CBs cccsevccescovccccccccce sesces 03 
Bad debts (incidental to all commercial business) 0°7 
Public officers, testing, and sundries............ 03 
Lighting and repairing public lamps ... ....... 05 


One of the chief items is for interest on capital employed, 
which varies according to circumstances. The capital neces- 
sary for carrying on the business of the manufacture and 
distribution of gas appears to be from 8s. to 30s. per 1,000 
cubic feet of gas anpually sold; the average for the Metro- 
politan Companies being 14s., and the interest being 14°8d.per 
1,000 feet, which !atter amount must be regarded as a trade 
profit. Summarizing, we have the following figures: 


CR rig 5144 1 ek bn babi cderskddetenns dagihas 18°7d. 
Purification, supervision, and carbonizing 
Rs odie doen ceiesd de dete es 45665 anak 48 
Vo) ea ere 51 
RSTO O CRRIRIB ois 5c 66s he svcdoccssiee 2-1 
POR: OGRE, GUE CRED 0. 0:0 006056 Kenccs vce 1°7 
Management charges... .........eeceeeeees 1% 
i disci cpanwdaeddeecette’ skcekde 07 
eee 03 
Lighting and repairing public Jamps........ 05 ° 
UND IGE is ess ossesiseneccinsven cooee 148 
De acre desni<sisichewawcd 500 
Deduct proceeds of sales of residual products— 
Coles and DEOGHC. .ccccccccccccs cece 6°5d. 
MR add! wweeGe bk061d006r Oe bbse Cease 30 ° 
PRONE ic tds Seine diner seers 31 
— 126 
sii iis heethed os estes 37°4 


Or (say) 3s. 2d. per 1,000 cubic feet. 


This amount is gradually decreasing; and already con- 
siderable quantities of gas are being sold for 2s. 10d. per 
1,000 cubic feet. We find that, of the total necessary expend- 
iture, the raw material, viz., coal, is 37°4 percent.; that the 
residual products return 67°4 per cent. of the cost of the raw 
material; and that the net cost of the raw material—é. e¢., 
residuals deducted from the cost of coul—is 61d. per 1,000 
cubic feet, or 16°38 per cent. of the cost of the gas. 

The foregoing figures will help us to understand that the 
handling, treatment, and distribution of a bulky material 
like coal gas in an expensive matter, requiring costly plant. 
On these accounts it will be found that the so-called “water 
gas” is the only known gaseous fuel likely to compete with 
coal gus. I propose vow to consider the cost of supplying 
this water gas to the metropolis in the manner coal gas is 
now supplied. In my investigations into the probable cost 


of water gas, I have been much assisted by Mr. T. F. Row- | 


land (of the Continental Gas Works, Brooklyn, U. 8. A.), who 
made the municipal process of gas making a success. This 
justly celebrated American engineer has, on more than one 
vecasion, informed me that the processes for the manufac- 
ture of water gas are substantially founded on that of the 
brothers Kirkham, two English gas engineers, who, as the 
pioneers of water gas, had rather sad experiences in France, 
where attempts were made to insure its introduction ona 
large scale. A very useful account of the earlier efforts of 


inventors in this direction is to be found in the Journal of 


Gas Lighting.* 
Before reviewing the practical and commercial possibilities 


of water gas fuel in the metropolis or other large towns, it | 


is necessary to arrive at a clear ideaof the scientific princi- 
ples, the theoretical bases underlying the process of water 
gas manufacture, which have in some quarters been misun- 
derstood. Atcertain high temperatures, carbon hasa greater 
affinity for oxygen than hydrogen has, Water vapor 
brought into contact with carbon at these high temperatures 
is decomposed, and deprived of its oxygen; the chemical re- 
action being between two limits expressed by the following 
two equations: 
C+ H,O = CO+ Fi. 
C + 2H,0 = CO, + 2H. 


The first equation represents the equation mostly aimed at 
by manufacturers of water gas; but the evil results of the 
second equation have been perhaps too highly overestimated 

some writers. To consider the first equation thermo- 
chemically, we have to remember that the decomposition of 
gaseous water into bydrogen and oxygen is attended with 
the absorption of 57.560 caiories per molecule, and that the 
formation of carbonic oxide from carbon and oxygen affords 
28,590 calories per molecule of carbonic oxide; thus: 


C + H,O (gas) = H, + CO. 
28,590 — 57,560 — — 28,970 calories. 


The first equation is endothermic, as is also the seeond equa- 
tion. For the supply of 28,970 calories of the formation of 
H, + CO, we should have to burp some carbon, which if 
burned to carbonic acid affords 96,960 calories per atom of 
carbon; and 0°299-0f anatom of carbon thus buraed will 
afford the 28,970 calories required. So to produce a mole- 


| cule each of carbonic oxide and hydrogen, we should re- 


quire 1299 atoms of carbon; and the calorific value of the 
water gas produced would be: 


oS Se 68,370 calories. 
~ Ta OD aii ia ih ds cc cbs ceded 57, " 
Wate. ces Wis, F36b 2. 125,980 calories. 


To produce a gas of the value of 125,980 calories, we have 
used 1°299 atoms of carbon, which if burned direct to car- 
bonic acid would have afforded 1°299 x 96,960 — 125,930 
calories. In these considerations we have assumed the water 


* See vol. xxxi., pp. 722, 831, 908, 043, 979; and vol, xxxii., p. 87. 





entering into reaction with the carbon as being iv the state 
of steam. In practice we do not get our steam without the 
expenditure of fuel. To vaporize one molecule of water 
there are required 10,800 calories, which are not recovered 
on the combustion of the water gas, since we cannot hope 
to reduce the water produced to the liquid staie in the prac- 
tical operations of heating. The theoretical loss in the 
manufacture of water gas, on the foregoing basis, is about 
8°6 per cent. Considering the gasification of carbon by the 
second equation (C + 2H,0 = CO, + 2H:)— 


The formation of the CO, affords.. +96,960 calories. 
The decomposition of the 2H,O 
absorb: 


“é 


ee ee 


— 18,160 calories. 


For the supply of 18,160 calories we should have to burn 
about 0°187 atom of carbon to carbonic acid. The calorific 
value of the gas produced by the second equation would 
be: 


eee eee eee ee eee eee eee eee se 


-+-115, 120 calories. 


| To obtain this we have used 1°187 atoms of carbon, of the 
| calorific value of + 115,120 calories. The value of the 
| heating gas is, in this, as in the first case, equal to that of 
| the carbon used; but, as in the former case, we have 
aasumed our water used for the reaction C + 2H,O = CO, 
-+- 2H, as being in the state of vapor. To bring the two 
molecules of water to this condition, we required 21,600 cal- 
ories not recoverable on the combustion of the heating gas, 
The loss in this case is 18-7 per cent. The losses due to the 
use of carbon as a fuel with the intermediation of water are, 
in practice, far higher than in the theoretical cases discussed ; 
for the reactions in question by which carbon is gasified are 
only possible at high temperatures. Very considerable are 
the losses due to radiation, etc., in operations conducted at 
temperatures far removed from ordinary ones. 

I propose now to examine the practical side of this question 
of water gas manufacture from actual American experiences, 
mostly communicated tome by Mr. Rowland, The differ- 
ent methods under which water gas is manufactured may 
be divided into two classes: 


OO ROR eee em ee eee 





1. Where the carbon is gasified by means of steam in re- 
torts kept at a high themperature by external firing. 

2. Where the carbon is raised to incandescence ina large 
chamber by means of an air-blast, and then treated 
with steam until the fuel becomes dull, and requires 
again raising to vivid incandescence by an air-blast; 
the process being an alternate treatment of incandes- 
cent carbon by air and steam. 





| The first method is illustrated by the Allen-Harris process, 
| tried without success at New Haven, Conuecticut, and now 
| in operation at Poughkeepsie, N. Y. Here the material used 
is anthracite charged in clay retorts similar to those in use 
at ordinary gas-works, and maintained at red heats by fur- 
paces. Steam is injected through the retorts, and carbonic 
oxide and hydrogen are formed. The cost for material and 
labor only is about 7d. per 1,000 cubic feet. The second 
method is illustrated by the Strong process, installed at 
| Yonkers, N. Y., without being very successful. Here the 
| generator is blown witb an air-blast for about 15 minutes, or 
| until the coals become aglow ; then it is closed up air-tight, 
and treated with superheated steam for about 10 minutes, 
| when the coals require again treatment with the air-blast. 
| As in this process the same amount of fuel is required as in 
| the Allen-Harris process, the cost of the gas is probably the 
|the same. Herr Quagiio gives the cost for material and 
labor only at about 5d. per 1,000 cubic feet. The habit of 
stating the cost of water gas in terms of material and manu 
facturing labor only is misleading when we consider that 
capital charges will be not less than Is. per 1,000 cubic feet, 
and administration and distribution another 64. per 1,000 
cubic feet. I have vot been able to obtain from an autben- 
tic source the capital required to carry on a water gas pro- 
cess. Those works in operation have been so handled b 
speculators as to render their particular cost illusory. Wit 
| the assistance of working drawings, I should say that the 
| capital required would be quite as much as for coal gas. 
| In the following estimate of the cost at which water gas 
| could be supplied to the metropolis, I have taken the interest 
jor capital at 1s. per 1,000 cubic feet—a very low estimate. 
| The greatest yield obtainable in practice is 50,000 cubic feet 
| per ton of coal. Witb coal at 15s. per ton, and supposing 
the residuals (tar and ammoniacal liquid) to be saved, we 
should have, allowing 4s. 6d. for residuals—a favorable esti- 
mate—10s, 6d. per ton as the net cost of coal. Wages and 
| wear and tear at 2s. per ton will give the cost for material 
| and labor only at 3d. per 1,000 cubic feet. This figure is 
| considerably lower than those given above, where no return 
from residuals was claimed. 


Estimated Cost of Water Gas, delivered, per 1,000 Cubic Feet. 
Net cost of material, wear and tear, and manu- 








SRAGUROINE TEROR a oo cc scccdvcssvccvcsee cee 3 
MES Til Sines cancehepestabe st6os 00 08 
Supervision in manufacture............... 02 
Distribution and administration: 

PE EEE WEEN, « swvcnncseesessces 07 
I ne a. sas csoncasedacceinces 1°4 
ME ntcpehe, © tssccascesdttegees.sos 17 
PAOUIIIE,, 0 o.. .0 nccccerncesccs, scene 05 
EEE a RM 05 
Stationery and general charges......... 02 
Pe 4<. cohendideuress..canceas 0-7 
Sundry small charges....... . 03 
Interest on capital....... .......0-.- 12° 
i ee nmeeneneeses 22°0 


Or 1s. 10d. per 1,000 cubic feet. 


This estimate is very favorable, and would only be possible 
where great skill and economy were employed. 

What is the calorific value of water gas? If of the com- 
position CO + H,, the value per cubic meter is 2,813 calo- 
ries. If of the composition CO, + 2H,, the value per cubic 
meter is 1,713 calories. I have calculated some values from 
analyses published by Herr Quaglio and Mr. Rowland: 


Municipal Gas Company (Rowland). 


Calories. 
Mrabinaste’ RES oS a 1162 
WR ecekceteet» WN “vacevtesete ons 1506 
ia usavewiutass os 00016 movercacved — 
eS osvareds MED idbsotaarakawe _ 
1 cub, meter. Calories 2668 
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New York Gas Company (Rowland). 











Calories. 
bia Kagucminidn os Sa Pe 1896 
at cabin emia aaa CEE car ensasessenee 1222 
Sts thaalie bacecreed EE ranks sanceoee 257 
__ Stirs GE dana ae: eenens — 
N; pertoccreccececes CE penance Rvciees — 
1 cub, meter. Calories 2875 
Fuel Gas Company (Rowland). 
Calories. 
BO x oss sc aan arenes WE, an60. 006. cadence 1117 
IE EE SE ctttnane saseis 1681 
asa EE gon oe hen. 6 66d ~ 
aks bdaeel eee eR Ree TS. _— 
1 cub. meter. Calories 2798 
Water Gas from Anthracite (Quaglio). 
Calories. 
i casedsece cuts Oe errr ene. 13580 
Co ree ce EE ETO 1082°0 
bats’ stisscwute es eee 351°7 
2791 °7 
Water Gas from English Oven Coke (Quaglio). 
Calories. 
eer ae 1261°0 
Bexcsxch sese<use rr 1222 0 
“See Ck “cidtienaeatsebs 5145 
2997°5 


Or an average of 2,826 calories per cubic meter. 


I do not think there would be any great difficulty in pro- 
ducing a water gas of this value, and I will therefore assume 
that water gas, as likely to be manufactured for heating 
purposes, would have this calorific power. If we reckon 
the price of water gas as delivered in the metropolis at 1s. 
10d. per 1000 cubic feet, the cost per million calories would 


be £1 5s. Thus: 1,000 cubic feet measured at 0° C. and 760 
mm. Bar. would be approximately 26 cubic meters, Then: 
22 x 1,000,000 +, .. 

26 x 2,896 ~ “1% 


The possibility of supplying another heating gas—genera- 
tor gas—to houses, for domestic and trade purposes, has 
been entertained, in spite of the very apparent hopelessness 
of a successfu] competition between a feeble gaseous fue 
(such as generator gas) and coal gas or coal. It will, perhaps, 
be just as well to shortly discuss this subject, if only to make 
more prominent the infeasibility of generator gas as a gas- 
eous fuel for town supply. The theoretical composition of 
this gas made from coke would he: 
ibbiotun ap nh oben dies 34°3 per cent. 
anette ns ts ee eb sean eae 


having a calorific value of 1,048 calories per cubic meter. 

It would probably be impossible to arrive at this in practice; 

but by taking advantage of the decomposing action of in- 

candescent carbon on water vapor, we might hope to get a 
s equal to about 900 calories per cubic meter. The fol- 

te numbers are calculated from analyses published by 
unte: 


Calories. 
aw 62 cc ccrcccccccs BW woccsccisecocsas — 
a ee BED sesevevics cesses 733 2 
bes od iS eVewcn aceite BO .esccdcs 066 este 205°8 
PRG i wvesiodd ccsende Ge) ieacecsurcccive — 

100°0 939°0 
Dia cconsesinlaws ie ntndessocbesasss a 
ee on On ee 589°7 
BME vce ecenesssenses Bret icdscseaceseciee 313°8 
MSs bess cseeonrcts GPR 6s cdvcicocndec _ 

100°0 903°5 


The price at which this gas could be delivered to consumers 
is thus arrived at: ; 
From 1 ton of coke could be prepared 
200,000 cubic feet of gas. With coke at 
13s, per ton, the cost for raw material per 





1,000 cubic feet would be............... “78d. 
Manufacturing expenses, wear and tear, 
purification, and sapervision............ 3°00 
Distribution and administration .......... 6°00 
IO GRA GI 0 56.050 0 0 ccnscccévscnccce 12°00 
ih: 40h 6ond6 cenncowen 21°78d. 


per 1,000 cubic feet. 
If we assume the cost of a generator gas of the calorific power 
of 950 calories per cubic meter at 22¢. per 1,000 cubic feet, 
we find that the price per 1,000,000 calories of heat as sup- 
plied in this form would be £3 14s 2d., thus: 

22 x 1,000,000 __,,, 
96x 950 £3 14s. 2d. 

Tabulating the cost of the different fuel gases considered in 
this paper, we have, for the cost per million calories: 


CEE: sc 408 ew 0b 6a nidensess <Aswand £0 6 6 
Coal gas. ....ccccccsccccrccccccccccs cee 10 9% 
WHO BB. op cena csdnhstasesesccccses o. 1 § @ 
GRRE BI, ow wrass seeds coscsccccsece 814 2 


The economical advantage is thus in favor of coal—a 
result which confirms experience; for coal holds its own, in 
spite of serious inconveniences, as the fuel of the present. 
If the fuel of the future is to be a gaseous one, then there 
appears to be little in favor of water gas, so much vaunted, 
but so little applied. Generator gas would seem to be be- 
yond hope, and almost beyond discussion, supplied for do- 
mestic purposes from manufacturing stations. Inventors 
who are striving to improve the methods of the manufacture 
of gaseous fuel for such pao as are in view in this paper 
would be far better employing their genius in discovering 
how great manufacturing works can be carried on without 
capital and supervision. My friend Mr. Rowland has sum- 
med up the question of gaseous fuel for domestic pu 
in a few words which express my own view so fully that I 
quote them here. He says: 

“*Some two or three years ago I was taken with the 
disease of believing that the time was at hand when coal 
would cease to be visible except at the works of large com- 
panies, whose business would be furnishing gaseous fuel to 
the community at a far Jess cost than was formerly paid for 
solid fuel. A series of experiments worked a radical cure in 
my case, and proved to my entire satisfaction that cual, and 


ae sees , 
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| not gas, will be the fuel for domestic uses, save in the case 
of people who will have gas at any price; and then they will 
| be most economically served by buying gas of the bighest 
| candle power.” 
| ‘There are cases when a comparison between coal and gas is 
| difficult, for there are conveniences attending the use of the 
latter, and inconveniences attending the former, which 
render a comparison, on the basis of money, very difficult 
and perhaps impossible. Where the fuel required is for | 
small intermitteat purposes, coal perhaps loses its economical | 
advantages; but then the coal gas at present supplied to large | 
towns can come in where coal fails, and that too without | 
any fear of competition from water or generator gases, which 
are too feeble and deficient iu heating power to bear the cost | 





consumption, which the sale of heating gases for house pur- 
| poses would be. 


THE CABINET OF FATHER KIRCHER. 


THE wonders of electricity have caused our generation to 


of transport and the expenses incidental to a sort of retail | 


is necessary to be suspicious not only éf the autbor’s expla. 
nations, but also of bis assertions, not because he lacked sin- 
cerity, but because, being in correspondence with savants 
and curiosos in the five quarters of the world, he accepted 
without criticism all the facts that were submitted to him, 
It must not be forgotten that at that time people were 
scarcely beginning to emerge from the profound darkness of 
the Middle Ages, and that many of the phenomena that we 
now consider as common, because we have been familiar 
witb their theory from childhood, seemed then just as extra- 
ordinary as the most singular of those that he relates to us, 
Kircher was brought up by the Jesuits, and entered at an 
eurly age a society that gave him all the facility possible for 
continuing his studies. Protected by several sovereigns, and 
especially by Duke Augustus, of Brunswick, he never was in 
want for the resources necessary to accomplish all the re- 
searches and perform all the experiments that be judged 
useful. This is bow it was that be was able to visit at his 
leisure the antiquities of Malta, Sicily, and Italy. At Nuples 
he had himself !et down as deeply as possible into the crater 
of Vesuvius by means of arope. At Rome he founded a 


forget those of the other parts of physics that held soim-‘museum which travelers stil] visit with astonishment. 
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Fie. 1.—FATHER KIRCHER’S MAGIC LANTERN. 


| portant a'place in the labors of the savants of antiquity and 
of the Renaissance. I have always endeavored (in Les Origines 
de la Science et Ses Premiéres Applications) to present as com- 
plete a picture. as possible of these sorts of applications at 
the epoch of the Alexandrian school, and it is not without 
| Interest to show now how the débris of antique science, col- 
lected together by those who were both men of letters and 
| experimenters, became the starting point of modern sci- 
ence, 

Undoubtedly, che most celebrated of all was Father 
Athanasius Kircher, who was born at Geysen, near Fulda, 
in 1602, and died in Rome in 1680, after a life devoted en- 
tirely to study and travel. The works that he published 
are very numerous, and treat de omné re scibile et quibusdam 
alits. nfortunately, they are lacking in criticism, and it 














(From an Evgraving of the Seventeenth Century.) 


Physical apparatus were represented there in great number, 
and a few of them are shown in the annexed cuts. 

Fig. 1 needs no description; it is the magic lantern, which 
had already been used in the Egyptian temples, and which 
Father Kircher merely made more common. The |uminous 
source is at K, the tube of the objective at I, the transpar- 
ent slides are at M N, and the projection is seen upon the 
screen at G. 

Fig. 2 corresponds to the problem that Kircher enunciates 
thus in his work, Ars magna lucis et umbre, book x., part 
8, chapt. vi.: ‘‘To construct a catoptric machine by means 
of which a mau, ov looking into a mirror, shall see the face 
of an ass, of an ox, of a sparrow-hawk, or of any other vort 
of animal.” 

The machive constructed for the museum of the learned 








Typ A 1 


Ui yijiéd ibe 








+e 














Ri B'Os > = 








-~ Fie. 2.—FATHER KIRCHER’S CATOPTRIC MACHINE. 
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Jesuit consisted of a polygonal wheel, D F G H, which was | 
revolved by means of a winch, E, Upon the plane surfaces 
of the perimeter of this there were painted the beads (in 

cluding neck) of various animals, which stood out boldly 
from a black background. Against the adjacent wall of the 

room, a mirror, K L, was suspended by means of a cord 

and pulley io such «a way that it could be more or less in 

clined 

In the wall opposite there was a window, A, so placed as 
to allow the light to fall upon the mirror but leave the rest 
of the room in as much darkness as possible. Finally, the 
wheel was concealed in a box that surrounded every part of 
it except that side which faced the mirror. 

It will be seen that in the room there was a spot, Z, where, 
during a certain inclination of the mirror, the spectator saw | 
his head and that only, and where, moreover, when the} 
inclipation of the mirror was varied, he no longer saw his 
head, but some ove ef the planes of the wheel, D, and this 
then reflected toward him an image that seemed to be his 
own, provided the motion of the mirror had been concealed 
from him. Upon then revolving the wheel and concealing 
the motion of this, as well as the instant of changing the 
image by a sudden oscillation of the mirror, the operator 
changed at will the bead of the spectator, and the latter thus 
found himself possessing successively the head of an ass, 
lion, etc. ‘ 

Father Scott, a disciple of Kircher, observes that the won- 
der of the trick is increased by replacing the painted images 
by genuine animal heads with eyes and movable jaws, aod 
even by a death’s head with alamp inside of it, and sheets of 
horn or oiled paper placed over the apertures. He likewise 
points out a neater application, which consists in giving the 
wheel twelve faces, and a regular motion by means of a 
weight such that, by means of a lamp and mirror, the 
images, symbolizing the hours, may be depicted at night 
upon the wall of a bedroom. This fantastic sort of clock 
was in use in ancient times.—A. De Rochas, in La Nature. 


APPLICATION OF TURBINES TO THE DYNAMO 
MACHINES OF ELECTRIC RAILWAYS. 


One of the most interesting applications that has been 
made of turbines in the production of electricity is that which 
consists in using them for setting in motion the stationary 
generators of electric railways. An application of this kind, 
which we find described and illustrated in La Lumiere Hlee- 
trique, has been made at Port Rush in England. The dyna-| 
mo machines that supply the conductors of the Port Rush 
Railway are driven by a pair of Alcott turbines, whose gen- 
eral arrangement may be seen in the accompanying en 
graving. 

For setting these turbines in motion use is made of the 





| be regulated by hand from the machine room. 
| turbines actuates, through bevel wheels, a horizontal shaft 
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waters of the River Bush, at Salmon Falls, which latter are 
situated at about three-fifths of a mile from the present 
station of the railway. The falls are about twenty-five feet 
in height, and the water is conveyed from them, after the 
American fashion, in a wooden race 9 feet in width, at the 
bottom of which debouch the two tron conduits, 344 feet in 
diameter, that lead the water directly to the turbines. Each 
of the latter gives a power of 50 horses at tbe normal velocity 
of 225 revolutions 

The general arrangement is, as may be seen, of the sim- 
plest character ; but it is costly, because of the rock cut- 
ting that had to be done. 





A NEW INCANDESCENT LIGHTING APPARATUS 


The regulator acts upon the gates of the turbines through 
a double ratchet that its shaft keeps always in motion by 
means of an eccentric, and the sleeve of which causes one 


or the other of the clicks to engage with the gearing of the | 


gates, according as it is desired to open or close them. When 
the turbines are revolving at a normal speed, none of the 
ratchets is engaged with them. 


provided with an Addymann coupling, which permits of 
isolating them at will from the rest of the shafting. Each 
of the extremities of these shafts carries a straight pinion 





ARRANGEMENT OF TURBINES FOR PORT RUSH ELECTRIC RAILWAY. 


| 
| 
| 
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The gates can, moreover, | 
Each of tie | 





| that gears, one to the right and the other to the left, with 


the pinion that drives the shaft upon which the pulley of 
the dynumos is mounted, 

The engioeman can maneuver all his starting levers from 
the dynamo room itself. This room contains at present 
but one dynamo, but arrangements are being made te add 
another to it soon, The 100 H. P. given by the turbines is 
entirely sufficient for the exigencies of traffic. 


A NEW INCANDESCENT LIGHTING APPARATUS. 
Mr. J. C. ScHLOESSER bas constructed a new and im- 





| proved incandescent electric lighting apparatus, which is 


shown in the annexed cut taken from the //lustrirte Zeitung. 


|The apparatus consists of a plunger battery and a vacuum 


electric lamp baving five candle power. The battery con- 
sists of twelve zinc carbon elements, which are secured toa 
board and have their lower ends held in twelve cups con- 
taining the exciting liquid, which consists of a mixture of 
bichromate of potash, concentrated sulphuric acid, and a 
mercury preparation. By lowering the board to which the 
elements are attached, they will be immersed in the exciting 
liquid, and a current will be produced which will make the 
sarbon in the Jamp incandescent, As svon as the board, to 
which the elements are attached, is raised, the current is in- 
terrupted. The lamp is connected by two coiled wires with 
the binding posis on the board, and the board is provided 
with binding screws for locking it in the desired position on 
upright rods projecting from tbe upper edges of the ends of 
aframe. As the battery runs down very rapidly, the board 
must be raised after the lamp has been burning « short time. 
This apparatus is especially adapted for experiments in edu- 
cational institutions, laboratories, and other places where an 
electric light is required for a short time. The apparatus 


| is very light and cheap. 








(Continued from SurPLEMENT No. 426, page 6804.) 
THE SCIENTIFIC BASIS OF COOKERY.* 
By W. Marrirevu W1i11aMs, F.C.S. 

Il. 


In order to understand the changes which cookery effects 
upon food, it is, of course, necessary to know something of 
the chemical composition of the food, and,as we shall pre- 
| sently see, something also of its mechanical structure. 


| Reduced to its primary elements by what bas been called 
‘* ultimate analysis,” all our food is very similar in composi- 
tion. Its bulk is made up of carbon, hydrogen, oxygen, and 
nitrogen, with very small! additions of such elements as 
phospborus, sulphur, chlorine, and 4ninute quantities of 
certain metals. Such ultimate analysis is, however, but of 


| little concern in the rationale of cookery, for when the materi- 


als of food are reduced to these, they are food no longer— 
they have returned to their original place in the mineral 
world, and may be food for plants, but not for animals. 

The growing vegetable is a synthetic Jaboratory, wherein 
the mineral compounds of the soil and the atmosphere are 
wrought into new combinations, which have been named the 
** proximate elements” of organic matter, those of which the 
tissues of the plant are built up, and which also exist in a 
state of solution in some of its —— Upon these the ani- 
mal feeds, and they are found slightly modified as the mate- 
rial of which the animal organs are constructed. 

One general distinctve characteristic of these proximate 
organic elements, is the looseness of the chemical bonds 
which unite their ultimate elements. 

They are easily dissociated by heat, or decomposed by the 
agency of the rival affinities of other substances. As an 
example of such chemical rivalry, I place in this glass ves- 
sel some white sugar, composed of carbon and water, or of 
carbon and the elements of water. I now add to it some 
concentrated solution of sulphuric acid, which has a strong 
affinity for water. On stirring them together, the sugar 
blackens and formsa sort of pitch; the union of the water 
with the sulphuric acid is attended, as in all cases of chemi- 
cal combination, with an evolution of heat which is now 
sufficient to boil the water separated from the carbon of the 
sugar, as you see by the outburst of steam, and the curious 
expansion of the piece of coke to which the sugar is reduced. 

Another and familiar example of the looseness of the chemi- 
cal bonds by which the elements of organic compounds are 
held together, is supplied by putrefictive decomposition, 
which, as we all know, occurs spontaneously when such 
substances are exposed tothe air. This putrefaction isa 
more or less complete return of the elements to their origi- 
nal mineral and more stable combinations. This facility of 
decom pusition, or rearrangement of elements, is an indis- 
pensable condition of nutriment. Such loosely bound ele- 
ments may be easily converted into the materials demanded 
for the building up of the structure of the animal that feeds 
upon them, by the action of the saliva, gastric juice, bile, 
etc. They are alsoeasy of oxidation in the moist state, @. ¢., 
of slow combustion, by means of which the animal heat is 
maintained. 

Water, which is so large a constituent of animal struc- 
ture, is an exception tothis. It isa mineral rather than an 
organic compound. It differs from the organic constituents 
of food in the fact that it enters the body as water, remains 
there as water, is water always, subject to no decomposition 
whatever. This same is the case with a few soluble salts, 
of which common table salt may be regarded as an exam- 

le. 
In the last lecture, I described the albumen as typically 
represented by the white of egg. selecfing this because the 
changes effected on it by cookery are the most decided and 
best understood, and are practically the most important that 
occur in the cookery of animal food. You will remember 
the action of different degrees of heat upon it, and the great 
change of properties wh the heat effects. The position 
held by this albumen in the structure of meat demands fur- 
ther explanation. It is the universal lubricant of the animal 
machivery. It is,as shown by the peculiar slimy proper- 
ties of raw white of egg, remarkably well adapted for this 
purpose. The so-called ‘joint oil,” or synovia, is albumen 
secreted (é. ¢., concocted from the blood) by a special mem- 
brane lining the joints—the synovial membrane. 

The contractile fibers of the muscles are bathed in it, and 
thus it constitutes one of the juices of lean meat, 
the lean meat being the muscular substance. Time 
will not permit me to discuss the other physiological func- 
tions of this unctuous liquid, so universally diffused through. 
out the animal body. 1 may merely mention that it proha- 
bly acts as a nutrient fluid, not only diminishing the mechan- 
ical wear ond tear of the working tissues, but supplying them 
with building material, by means of which their inevitable 
wear and waste is compensated. 





* Lectures recently delivered. before the Society of Arts, London. 
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The nutritive value of albumen from our present point of 
view, ¢. ¢., as cookable food, is unquestionable, It not only 
contains the materials demanded for nutrition, but bolds 
them in a most easily digestible form, provided always the 
cook does not verify a certain irreverent adage, by con- 
verting it into the indigestible, shrunken, leathery substance 
already described as the result of overheating. 

Gelatine is another and very important constituent of ani- 
mal food. As far as regards quantity, it is more so than al- 
bumen, as it is the chief material of the animal tissues. Hal- 
ler says that half of the animal body is gelatine. The walls 
of the cells of which the animal is built up are of gelatine; 
the membranes enveloping the fibers of the muscles, the same; 
the ligaments and tendons are fundamentally composed of it. 
It is the chief constituent of the skin. The bones are built 
by means of cells composed of gelatine, in which the bard 
mineral matter, the phosphate of lime, is deposited. These 
facts justify the labor of the Bone-soup Commission of the 
French Academy, already referred to. 

Its familiar form is that of the prepared gelatine of the 
shops, the jelly of stock, calves’ foot jelly, etc. Carpenters’ 
glue is the same, but dirty. These, however, are not exact- 
ly the same as the material of the membranes as they exist 
in the flesh. The membranes are raw gelatine, these prepa- 
rations are cooked gelatine. The gelatine, as it exists in the 
tissues, is not readily soluble in water. This is easily shown 
by immersing in watera piece of any animal membrane, or 
of tendon, or, better still, that structure of exceptionally 
pure gelatine known as isinglass, which is the shredded swim- 
bladder of a fish—of the sturgeon, or of some substitute for 
the sturgeon. It resists cold water, but yields to the con- 
tinued action of boiling water. After having been thus 
treated, it becomes readily soluble. In this primary cook- 
ing it combines with a certain quantity of water. 1 venture 
to call it hydrated gelatiue. 

Here, then, we have a curious contradiction in the cookery 
of animal food, The cooking of albumen is the conversion 
of a viscous liquid into a solid; that of the gelatine, the con- 
version of a solid toa viscous liquid. The proper cooking 
of albumen demands a temperature of about thirty degrees 
below the boiling point of water, that of gelatine may be 
conducted at the full boiling point, but, fortunately, this is 
not necessary. Lf time is allowed, the gelatine may be quite 
as well cooked at 180° as at 212°. Even gelatine is spoiled 
if kept at 212°, when not under water, as the carpenter 
kaows full well, and, therefore, he uses for the solution of 
his gelatine a vessel immersed in water—a bain marie, or 
water bath, rendering it impossible for the glue itself to reach 
the boiling point. 

There are varieties of gelatine, or the tissue that produces 
gelatine when cooked, which time will not permit me to de- 


scribe. Chondrin is that obtained by digesting the cartilages | 


of the ribs, the larynx, or of the joints, for eighteen or 
twenty hours in bot water. Fibroin, obtained by a similar 
cooking of spiders’ web, or the silk of silkworms and other 
caterpillars. The material of these fibers originally existed 
in the animals as a liquid, which has solidified on exposure 
to the air. The fibers of sponge yield a kind of gelatine. 
Another kind constitutes the basis of the structure of insects, 
and has been named chitin. Chitin soup may be made by 
boiling down grasshoppers, locusts, or the shells of lobsters, 
crabs, shrimps, and other creeping things that I need not 
specify. Neither will I here discuss the merits of this 
crustacean soup, as compared with the more popular pre- 
— obtained from the callipash and callipee of marine 
reptiles, 
have eaten fried shrimps at Naples, where they. are 
cooked, as we cook whitebait, shells and all, without any 
revious boiling. They are excellent, and [ understand tbat 


- locusts similarly cooked are not distinguishable from them, 


but have not yet had an opportunity of practically testing 
this delicacy. That large tracts of country should be 
periodically desolated by locusts, is a striking proof of the 
neglected condition of the science of cookery. If the locusts 
devour the crops, why not cook, preserve, and eat the 
locusts? As regards any inherent repulsiveness in the idea 
of eating them, they are far less objectionable than pigs, and 
not worse than oysters and periwinkles. 

I have already referred to the Bone-soup Commission of 
the French Academy. Its object was to determine whether 
or not the vast quantities of gelatine contained in bones, and 
which is commonly wasted, might be used in making soup 
in bospitals and other public institutions. The academi- 
cians arrived at a negative conclusion on the main question 
of the nutritive value of gelatine. They found that p ve fed 
upon it exclusively, at first appeared satisfied with it, then 
ate it with difficulty, and finally rejected it, and died of 
starvation when supplied with no other food. Some of the 
academicians experimented on themselves, but did not carry 
their researches so far as with the dogs. They reached the 
loathing stage, and then retired from the investigation, and 
dined as usual. 

A multitude of such experiments led to the conclusion 
that gelatine is not nutritivuus—a conclusion curiously at 


variance with ordinary experience. Liebig stated it very | 


broadly and positively. Further investigation has, however, 
refuted this conclusion, and the experiments of the acade- 
mici:ns are explained by understanding that gelatine alone 
does not contain certain materials that are absolutely neces- 
sary for building up the body, and that starvation may en- 
sue from the want of these. It is worthy of note that this 
latter conclusion of science is but a confirmation of the in- 
tuitions of our natural instinct—our sense of taste. The 
gelatine obtained from bones is nearly tasteless—pure gela- 
tine quite so; the addition of a little table salt improves it, 
but not satisfactorily. If, however, we add to insipid gela- 
tine the juices of fruit, as when jellies are made for evening 
parties, or to tasteless broth the saline juices of flesh—of 
which I shall speak presently—then we obtain a mixture 
that mem, or dogs, or other animals eat with satisfaction. 
It has also been found that the addition of a very small quan- 
tity of meat juicesis all that is required to render gelatine 
nutritious. 

What, then, are these juices of meat? As we have already 
seen, albumen exists in a liquid state between the fibers of 
lean meat, and, therefore, is one of them; but when the 
juicesof meat are particularly specified, reference is usually 
made tothe juices that are not coagulable—to juices that are 
saliy e, and which partake of the general properties of miner- 
al m4 its rather than organic compounds. Some of them may 
be Regarded as standing between the organic and the inor- 
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is especially the case with two of the most character- 


istic ices, kreatine and kreatinine, which have 


been by some physiologists as products of the 
wear tear of the used-up tissues that are about to be re- 
moved the body. Besides these, we find in the meat 
lactic certain salts of potash, such as the phosphate 


of minute quantities of other salts. 
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Time will pot permit me to enter upon the details of the | I can enly describe it in relation to cookery. In this as- 


composition of these. I must need lump them all together, 
| as the saline aud supid juices of flesh. When tasted alone, in 
} concentrated form, their flavoring energies are strikingly 
| manifested; they are painfully acrid to the tongue and 
| palate. 

There is one characteristic of these that is very little under- 
| stood, but is very important, Although they are constituents 
| of food, they are not digested. They are not converted into 
| chyme by the gastric und mucous secretions of the stomach, 
| then further changed into chyle by the secretions of the liver 
and pancreas, and sheremal passed along the alimentary 
canal, gradually taken up by the lacteals, and further chang- 
ed by the mesenteric glands, before reaching the blood. In- 
stead of all this, they pass directly through the walls of the 
wondrously delicate miles and miles of blood vessels which 
form a velvet on the inner coat of the stomach. These juices 
_ enter the general current of the blood directly, as water 
does. 

That any liquid should pass through a water-tight mem- 
brane seems impossible, but it is nevertheless a fact that it 
can and does. If a wide-mouthed bottle be filled witb salt 
water, or with a solution of sugar, and a piece of air-tight 
and water tight bladder be tied firmly over the neck, so that 
no mechavical leakage can take place, the solution of salt or 
sugar will pass out through the bladder, if the bottle thus 
filled be immersed in water deep enough to cover the blad- 
der. Orif a bladder itself be filled with brine, tied firmly, 
and then immersed in distilled water, the same occurs, as 
may be shown by adding a few drops of a solution of nitrate 
of silver to the outside water, after the bladder has been im- 
mersed in it for a short time. A white precipitate will be 
thrown down, the same as would be seen if a little of the 
salt water had been poured out of the bladder intu the dis- 
tilled water. 

This is called endosmosis, when the passage is from with- 
out to within a vessel, or exosmosis when from within to 
without, They usually occur simultaneously, though not in 
equal degrees. 

As the saline juices of meat are contained, for the most 
part, within the cell walls of the muscular fiber, or the 
sheaths of the bundles of fibers, we may avail ourselves of 
this mysterious action, and extract these saline juices by 
exosmosis. In spite of its unfamilar name, it is one of the 
most familiar of kitchen operations, both useful and mischiev- 
ous. When meat is rendered tasteless in the course of 
boiling or steaming, it is due to the exosmosis of its juices, 
On the other hand, in —s meat broth, or soup, or beef 
tea, exosmosis is usefully applied to produce an intended re- 
sult. 

‘Yhe making of beef tea isa good example of this, especial- 
ly when made by simple maceration, ¢. ¢, by using cold 
water only. To work out the rationale of this, the distine- 
tion between colloids and crystalloids must be understood. 

Certain solutions — the endosmosis and exosmosis 
I have just described, while others do not. On comparing 
them, it has been found that those which do thus pass 
through animal membranes are solutions of crystallizable 
salts, while those which do not are solutions that, when 
evaporated down, form jellies, mucilage, or amorphous, 
formless masses; bence the terms colloid and crystalloid. 
This being the case, it is evident that if we immerse a piece 
of gravy beef in cold water, only one class of its juices will 
pass through the enveloping membranes; this class will in- 
clude the saline juices of which I have spoken, and will not 
include the albumen, nor any gelatine that may be dissolved, 
If the beef is minced, as in ordinary practice, a little of the 
albumen will be washed off the poo! Bae exposed by the cut- 
| ting, and a modicum of gelatine may be dissolved from these 
| surfaces. If, on the other hand, we stew beef in water 

heated just below the temperature at which albumen coag- 
ulates, more of this albumen will be washed out, and much 
more gelatine will be dissolved. 

Thus we shall obtain two kinds of beef tea, the first con- 
| tainiog only those juices which are directly absorbed by the 
| capillaries of the stomach, and thus pass directly into the 
| blood; and the second containing these same, plus some 
| gelatine which has to be digested after the manner of solid 

food. In both cases the albumen is separated from the 
| liquid, by heating it to the boiling point of water. It then 
| rises on the top as a ‘‘scum.” 
I have been asked which is the proper method of making 
| beef tea—by cold maceration, by moderate stewing, or by 
| broiling. The boiling may be at once dismissed, for reasons 
| that will be understood by all who have listened to what I 
have said concerning the coagulation of albumen. 
| The relative merits of the other two processes demand 
further consideration. If the beef tea is required for a ver 
delicate invalid the ‘‘cold drawn” may be the best, but this 
| conclusion presupposes a condition of the body demanding 
,a supply of these particular saline juices which perform cer- 
| tain parts of the work of nutrition, and appear to have a 
| kind of stimulating influence. A skillful physician is re- 
| quired to decide whether this is or is not the case. 
If the beef tea is made for a convalescent regaining di- 
eae power, and demanding full nutrition, there can be 
| little or no doubt that the liquid prepared by digesting minc- 
/ed beef in warm water (which I prefer to call beef broth, 
|or beef soup, restricting the name of beef tea to the cold 
| drawn) is the best. In this there is a little gelatine, together 
| with abundance of the saline juices, which render the gela- 
| tine digestible and nutritious. 

Liebig’s extract of meat, when properly prepared, is what 
I have called beef tea proper, in aconcentrated form. When 
it was first introduced, great expectations were formed, based 
on the theory that it is cancentrated nutriment. Further 
| investigation has proved that it has many great merits, but 
| it is nota complete nutriment, and that, after being used 
| fora while, it becomes nauseous. Hence the preparations 
that are offered to supersede it—meat essences, etc., which 
are merely equivalent to Liebig’s extract plus gelatine, and 
may be made by stewing beef in warm water, or hy adding 
Liebig’s extract to calf’s foot jelly, or to its equivalent, the 
jelly made from isinglass, or the panes gelatine sold by 
| grocers. [am not aware whether i ly for invalids is ever 
| prepared thus, by adding a little dissolved Liebig before 
| consolidating ; but I believe that it wéuld form a very good 
| and easily prepared form of delicate fo lways remember- 
| ing that it is still but a partial diet, as Mo lacks the carbon. 
| food supplied by sugar, and the farinaced™s compounds, of 

which I shall have to speak in the next lecture. 
| Ihave yet to describe another constituent of flesh, viz., 
| the actual fiber of the muscle itself; that which in life pos- 
| Sesses the wonderful property of contractility—of shorten- 
ing itself when commanded to do so by the mysterious 
agency of the nerves. 

This bas been named syntonin, alco fibrin, the first name 
—e to distinguish it from the fibrin of the blood, 
w it resembles, but with which it is not quite identical. 














pect it stands between albumen and gelatine, ratber nearer 
to albumen. It is coagulable, like albumen; and soluble, 
like gelatine, but iu a less degree. Like gelatine, it is 
tasteless and non-nutritious alone. This has been proved by 
separating the albumen aud juices, and giving it to dogs. 
The washed fibrin of the blood, which closely resembles the 
washed out muscular fibers, is similarly worthless alone. 

I now come to stewing, and venture to describe this, an 
almost unknown art in Englund so far as ordinary domestic 
cookery is concerned. This is curious, because among our 
neighbors across the Channel itis the primary process of 
ordinary domestic cookery, and is well understood by the 
wife of every peasant. 

The prevailing idea in England is that stewed meat only 
differs from boiled meat by being kept in the water for a 
longer time—that stewing is simply protracted boiling. 1! 
venture, nevertheless, to declare the total fallacy of this, 
and to assert that, so far as flesh food is concerned, boilin 
und stewing are diametrically opposite, as regards the specia 
objects to be attained. In boiling a joint—say a leg of 
mutton—the best effort of the cook should be directed to 
retaining the juices within the meat, and allowing the 
smallest possible quantity to come out into the water, In 
stewing, the business is to get as much as possible out of 
the meat, to separate the juices from the meat and conve 
them to the water. This is the case, whether the Fronee 
practice of serving the liquid potage, or bouillon as a separate 
dish, and the stewed meat or dowilli as another, or the Eng- 
lish and Irish fashion of serving the stewed meat in its own 
juices or gravy, as in the case of stewed steak, Irish stew, 
ete. The cruel murder that is commonly perpetrated upon 
good mutton chops, in preparing Irish stews, is very deplo- 
able. The chops are put into a saucepan ia water, and the 
water is boiled or ‘‘ simmered,” 1. ¢., kept at 212°, whereby 
the albumen is at once coagulated, thus hindering the ready 
exosmosis of the juices. This is continued until both albu- 
men and fibrin are so much hardened that they contract (as 
the white of egg does when used as acement) The meat 
curls up curiously in consequence of this contraction. the 
albumen is made to resemble gutta-percha, and the fibrin to 
resemble cotton wool, before the extraction of the juices is 
completed. 

Not so with the frugal stew of the poor French peasant, 
who does more with one pound of meat, in the way of stew- 
ing, than the English cook with three or four. The little 
bit of meat and the large supply of vegetables are placed 
in a pot, and this in another vessel containing water—-the 
bain marie. This stands on the embers of a poor little wood 
fire, and is left there till dinner time, under conditions that 
render boiling impossible, and demand little or ne further 
attention from the cook; consequently, the meat, when re- 
moved, has parted with its juices to the potage, but is not 
curled up by the contraction of the hardened albumen, nor 
reduced to stringy fibers. It is tender, eatable, and enjoy- 
able, that is, when the proper supply of saline juices of the 
meat, plus the saline juices of the vegetables, have been 
taken into the system, 

Eaten alone, like our roast beef, it would be like the bone 
soup offered to the dogs by the academicians; but eaten with 
these juices, it is wholesome, and sufficiently savory. 
Whether the potage and the meat should thus be separated, 
or whether they should be stewed together, as in on Irish 
stew, etc., is merely a matter of taste and custom; but that 
a stew should never be boiled, nor placed ina position on 
the fire where boiling or “ simmering ” is possible, should be 
regarded as a primary axiom in cooking where stewing is 
concerned. 

II. 


According to the classification adopted in the first lecture, 
frying ranks with boiling and stewing, rather than with 
grilling. When properly conducted, it is one of the pro- 
cesses in which the heat is communicated by convection, the 
medium being hot fat instead of the hot water used in the 
so-called, and mis-called, “ boiling ” of meat, 

I say ‘“ when properly conducted,” because it is too often 
very improperly conducted in domestic kitchens. This is 
the case whenever fish, cutlets, etc., are fried on a merely 
greased plate of metal, such as a common pe mH gory Pan- 
cakes or omelettes may be thus fried, but no kind of fish or 
meat: These should be immersed in a bath of fat sufficiently 
deep to cover them completely. To those who have not 
reasoned out the subject, such complete immersion in so 
Jarge a quantity of fat may appear likely to produce a very 
greasy result. The contrary is the case. 

Let us take, as an example, the frying of asole. On im- 
mersing this in a bath of fat raised to a temperature above 
that of boiling water, a violent biesing and crackling noise 
(‘‘ frizzling”’) is beard. ‘This is caused by a series of small 
explosions due to the sudden conversion of water into steam. 
The water was originally on the surface and between and 
within the fibers of the flesh of the sole. The continual ex- 
pansion of this water into vapor, and its outbursting, pre- 
vents the fat from penetrating the fish, so long as the tem- 
perature is maintained above 272°, and thus the substance 
of the sole is cooked by the steam of its own juices, and its 
outside browned by the superheated fat. 

Now, let us suppose that a merely greased plate, like the 
bottom of a frying-pan, is used. Only one side of the sole 
is cooked at first—the side in contact with the pan—there- 
fore it must be turned to cook the other side. When thus 
turned, the side first cooked with its adhering fat is cooling; 
its steam is condensing between its fibers, and the fat gradu- 
ally entering to supply the place of steam, while the other 
side is cooking. Thus it is more greasy than if rapidly with- 
drawn from the bath of bot fat, and then allowed to drain 
before the steam commences to condense, 

Here is a frying-kettle, exhibited by Mr. Burton, with a 
wire frame or grill, fitting the bottom. On this the fish is 
laid, and by this it is raised immediately it is cooked, and 
the fat drained away. A stew-pan, or any other suitable 
kind of kettle, may be used, if provided with the wire basket 
for lifting; ora frying-pan of the ordinary kind, if deep 
enougb. 

Although the quantity of fat required for starting this kind 
of frying is considerable, the consumption at each operation 
is less than when the greased plate is used; the material of 
the fat bath can be used again and again with occasionai 
clarifying by methods well gadomstoed in the kitehen, but 
the fat used for smearing the frying-pan is nearly all wasted 
by the overheating and carbonizing of a portion of it. Of 
course, two or more supplies of fat are required, one for fish, 
another for cutlets, ete., and another for such delicacies as 
apple fritters, which especially require the fat bath. 

ere is yet to be described a constituent of animal food 
that is not contained in any kind of flesh, nor even in the 
blood, and yet is of the highest nutritive value. This is 
casein, the substantial basis of milk. It is separated as curd 
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in the familiar operation of making curds and whey, and in 
the first stage of the manufacture of cheese. When thus 
separated from whole milk, it is by no means pure casein, 
as it carries with it nearly all the oil globul:s, ¢. ¢., thecream 
contained iu the milk. 

Pure casein, as prepared in the laboratory for the study of 
its special properties, is obtained by first skimming the 
cream from the milk, then precipitating the curd from this, 
and wasbing it with ether, to remove the small quantity of 
cream still adhering to it. 

Before describing its properties, I must say a few words 
concerning the precipitation of the curd. Rennet is com- 
monly used. This is the inner or mucous membrane of the 
stomach of a calf, a little salted piece of which, or a solution 
from it in hot water, will precipitate all the casein from 
many thousand times its own weight of milk, The precipi 
tation may also be effected by acids, and it is probable that 
the rennet sets up a sort of fermentation, or incipient putre- 
faction which liberates lactic acid (the acid of sour milk), 
and that this souring of the milk goes on until all the curd is 
separated. What, then, is the nature of the change that in 
duces this precipitation? It is a coagulation nearly resem- 
bling that of albumen, excepting that casein is not coagula- 
ble by simple heating. 

There is one lesson bere that I am particularly anxious to 
impress, viz., that casein may exist in two forms, the insolu- 
ble casein of the precipitated curd, or of cheese, which is sim- 
ply pressed curd more or less salted; and tbe soluble casein, 
which exists in milk. The practical application I make of 
this will be seen presently. 

If skim milk from which all the fat has been removed be 
carefully boiled down, we may obtain soluble casein in a 
solid form anddry. It is an amber colored, translucent sub- 
stance, tasteless and inodorous when pure. If added toa 
smali quantity of water, a yellowish viscous liquid is ob- 
tained. Condensed milk is this, plus cream and sugar, and 
its solubility is familiar to all. 

Casein that bas been cougulated by rennet or acids is inso 
luble. This is the condition of the casein of cheese, and [ 
think sufficiently explains the difference between the digesti- 
bility of cheese and that of milk. An infant that feeds on 
milk would be killed by a raw cheese diet. 

This indigestibility of insoluble casein is very serious, as 
dry casein bas about the same composition as dry albumen, 
fibrin, or gelatine, avd, if as easily digested, would have 
equal nutritive value. But this is not all. We do not use 
either our albumen, fibrin, or gelatine, or casein in the dry 
form as obtained in the laboratory, but the first three in the 
form of flesh meat, and the latter in that of cheese. In both 
cases we have an addition of fatty matter, either the fat of 
the animal tissue, or that of the cream. But in both the 
meat and the cheese there is another constituent, viz., 
water. In the best part of lean beef an average of 72%¢ per 
cent. of water is found; in mutton, 734¢; in veal, 744¢; in 
pork, 694¢; in fowl, 734g; while in Cheshire cheese the ave- 
rage only amounts to 304¢ per cent. Other cheeses about 
the same. 

Taking the composition of a whole skinned and prepared 
sheep or ox, as it bangs in a butcher's shop, the amount of 
nutriment it contains is about equal to one third of its weight 
of cheese. The fat is about the same in both but the aiffer- 
ence is due to the bones and excess of water. Thus, 20 
pounds of cheese contains as much nutritious material as a 
sheep of 60 pounds weight, and would bave the seme value 
as practical nutriment, if it could be as easily digested. 

o us, in this densely populated country, so largely 
dependent on imported food, this is of vast importance, 
cheese being the most portable of all food—even more so 
than wheat—on account of the greater value in given bulk. 
We may obtain it from nearly all parts of the worid, and 
it can be used as ballast, if obtainable where ballast is re- 
quired. 

I therefore claim to have done the State some service in 
having worked out the problem of restoring the casein of 
cheese to its original soluble form, as it existed in the milk, 
and thereby rendering it easy of digestion. My metbod is 
very simple, and, after what I have just explained, so obvi- 
ous, that I am surprised et being unable to find any record 
of its inaving been done before. 

As everybody now knows, acids are neutralized by alkalies. 
If then the casein was rendered insoluble by acid—say lactic 
acid—it is probable that it may have its solubility restored 
by adding as much alkali as will neutralize that acid, I have 
tried this witi: complete success, have thus dissolved cheese 
both in miik and in water. 

But you will say that this is bringing too much of the labo- 
ratory into the kitcheu—this neutralization by alkali, and 
will very properly ask, what alkali? and how this alkali will 
aet in the body; whether as food, or as medicine, or as poi- 

’ 

The alkali I use is potash, in the form of bicarbonate, 
which readily gives up its alkali to any fixed acid when hot; 
a little explanation will show that it not only renders the 
cheese digestible, but supplies just that which cheese re- 
quires in order to rend@rit a complete food. 

Salts of potash exist in milk, but they are all so soluble 
that when the curd is precipitated in the cheese making they 
are left behind in the whey, causing the cheese to be in a 
condition somewhat analogous to that of the gelatine of 
the academicians, or still more nearly to that of salt junk, 
from which the juices have passed by exosmosis into the 
brine. 

In the course of my youthful wanderings, I had a very 
instructive experience of this. With a fellow tourist (the 
late C. M. Clayton, son of the diplomatist concerned in the 
“ Clayton-Bulwer treaty ”), [ took passage in a small schooner 
from Malta to Athens. We were both pedestrians, had 
walked together, “roughing it,” io Italy and Sicily, and 
proud of our powers of enduring hardships. Consequently, 
in providing our food for the voyage, we took nothing but a 
lump of cheese and some loaves of bread. A gale of wind 
blew us far out of our proper course, and made the journey 
along one, We ate our cheese heartily enough for about 
three days, then it became hard work to go on with it. It 
grew worse and worse, until at last we gladly exchanged the 
remainder for some of the vile broth made by the dirty sail- 
ors, in the still. dirtier forecastle and composed of horse 
beans and stale cabbage leaves, boiled in water. On landing 
at the Pirewus, we devoured cucumbers, fruit, and lettuces 
with strange avidity. We were evidently on the road to 
scurvy, and should have reached some of its uglier symp- 
toms we continued the cheese diet much longer. 

We were craving for the potash salts wanting in the 
cheese, and which the raw vegetables supplied, just as sail- 
ors crave for the like after a long course of salt junk and 
biscuits. 


This is my recipe for restoring the casein of cheese to its 


original soluble vondition: Grate the’ cheese or cut it into | 


ahreds, tben add bicarbonate of potash at the rate of a quar 


ter of an ounce to one pound of cheese (this proportion I 
bave calculated as about supplying the amount of potash 
which originally existed in the quantity of milk from which | 
the cheese was made). Put these in three or four times | 
their own bulk of water or milk, slowly raise to the boiling | 
point, and keep hot, stirring untii all the cheese is dissolved. | 
The solution thus obtained thickens into a custard-like mass | 
on cooling. Any larger quantity of water or milk may be 
used if a more liquid result is required. | 

I use commou English or American cheese in spite of the | 
cookery books, which prescribe Parmesan whenever grated 
cheese is demanded. Parmesan grates readily because, 
as they say in the Midlands, “its butter has gone to market,” 
It is similar to what is there called ‘‘ skim Dick,’’ the hard, 
dry cheese given to farm laborers, or sold at about 44¢d. per 
pound. It is made from skimmed milk. Parmesan is but 

rlorified skim Dick, glorified by its peculiar and fine flavor. 

he solution of cheese may be used in many different ways. 
Stirred into oatmeal porridge, boiled rice, bread crumbs, 
mashed potatoes, hasty pudding, or other similar farinaceous 
preparations, it supplies a highly nutritious, economical, 
and digestible dish, a meal in itself equivalent in composition 
and nutritive value to beef and potatoes. 

I have given these concoctions the general name of *‘ cheese 
porridge.” They are not likely to be acceptable to pampered 
epicures, to whose requirements I give wo attention, but 
those who work bard with brain or muscle will, I think, ap- 
preciate them. Their preparation may be simplified, and, I 
think, rather improved, by adding the bicarbonate of potash 
tu the water in which the meal, rice, etc., is boiled and, 
throwing in the grated cheese, well mixing it, just before 
turning the porridge out of the pot. 

The following is an excellent dish—cheese custard, or im- 
proved fn gpm pated 

Dissolve grated cheese in milk with bicarbonate of potash 
in the proportions already given, flavor with mustard and 
pepper, etc.; then beat up eggs, yolk and white together, at | 
the rate of two or three to every quarter ofa pound of cheese. 
Add these to the cheese solution. Now take a sballow dish 
that will bear heating, put a little butter on it, and heat 
the butter till it frizzles; then pour the mixture into this, and 
bake or fry until it is nearly solidified, and very lightly 
browned. This is a rich dish, requiring bread. It is best 
cooked in little dishes, one purtion in each, and eaten from 
the same. 

By using a larger quantity of milk to dilute this cheese 
custard, a very wholesome and delicious cheese pudding 
may be nade. Bread cut in slices, with or without butter. 
is laid in « pie dish one slice above the other, and the diluted 
cheese custard poured upon it cold, and allowed to stand an 
hour or more until the bread is fully saturated. It is then 
baked until the surface is lightly browned. 

The cooking of milk is very simple. The only notable 
change which occurs is the coagulation of the small quantity 
of albumen it contains. This is shown by the scum formed 
on the surface of boiled milk, There is, however, a special 
reason why the milk supplied to London and other large 
towns from sources unknown should all be boiled before 
using it. There is vow no further reason to doubt that cer- 
tain disease germs, or species of microbia that disseminate 
disease, are nourished by milk, increase and multiply therein, 
and may thus be introduced into the blood, and produce very 
serious consequences, As these microbia are killed by sub- 
jecting them to a temperature of 212° (the boiling point of 
milk is a little above this), there is little, if any danger, in 





milk that has been boiled. The loss of albumen, as scum, is 
very trivial. 

Butter may possibly convey these germs, and I think this 
subject worthy of further investigation than it has received. 

A great revolution is in progress as regards butter. I 
greatly amused some of my friends, about twelve years ago, 
by predicting that such a revolution would occur—tbat dairv 
butter would, to a great extent, be superseded by butter | 
manufactured from the waste fat of slaughtered animals. | 
This is now the case. I have obtained samples of this pro- | 
duct, technically named “bosch,” at various times, and 
from various sources, since I wrote about it in 1871, and | 
have observed a stexdy improvement from the early at- | 
tempts, which resulted in a yellow, granular, fat like drip- | 
ping, to a very recent sample, which neither myself nor | 
the wholesale butter factor who showed it to me could dis- 
tinguish from first-class fresh butter. It was offered, and 
largely sold, at 84¢d. per 1lb., done up very neatly in rolls, 
wrapped in linen, and packed in boxes. I know one family, 
very particular in the matter of butter, who ate 24 Ib. of it, | 
believing it to be superior cream butter. Many others do so, | 
but pay more than double the price I have named, and are 
thereby assured that it must be real Devonshire. 

Most of the other samples I have recently tried were 
slightly tainted with a resinous flavor, due, I suspect, to 
careless preparation with apparatus or utensils, made of 
resinous pine or deal wood. More carefully prepared, and 
sold honestly for what it is, there is no good reason why it 
should not take the place of butter very largely. It does so 
now, by dishonest admixture, and by being sold under false 
pretences. 

I must now pass to the cookery of vegetable food. Its 
ultimate elements are the same as those of animal food. 
This is at once obvious, seeing that beef and mutton are 
made from grass. 

The proximate elements differ but slightly. The fat of | 
the animal is represented by the starch, sugar, oils, and | 
resins of vegetables. We do not eat the latter, and only a} 
selected few of the oils, but starch and sugar, composed of | 
carbon and the elements of water, constitute the greater | 
part of the bulk of vegetable food generally. 

Arrowroot is nearly pure starch, tapioca and sago are | 
| similar, rice and potatoes are chiefly composed of starch, | 
'and in a less degree it contributes to the bulk of wheat, | 
barley, oats, and maize. In all these it exists as minute | 
granules enveloped in a special membrane. Arrowroot, as 
sold in the shops, consists of granules that may be felt be- | 
tween the fingers, or seen distinctly by the aid of a micro- 
scope of very moderate power. Such raw starch does not 
dissolve in cold water. The granules merely fall to the 
bottom, and rest there as granules. 

The cookery of starch resembles the cookery of gelatine ; 
it is a conversion from an insoluble to a soluble or hydrated 
form. when heated in water. The change takes place very 
readily ; at 140° the granules absorb water, swell, and burst ; 
the result being the formation of the well-known mucilagin- | 
| ous material used by laundresses for stiffening linen. ere 
| we have a case of endosmosis through the envelope of the | 

nule. 
ry heat of 820° converts the starch into deztrin, or | 
“British gum,” which has the same composition as starcb, 
but is freely soluble in cold water. is conversion of 
starch into dextrin is also affected by a curious substance 
called diastase, or mucin, which is formed during the germi- 


nation of grain and seeds generally. Like albumen, casein, 
gelatine, etc., this diastase is a nitrogenous substance, but is 
not very well understood Very minute quantities act. It 
is estimated that one part of diastase will change above a 
thousand times its own weight of starch into dextrin. 

The vegetable germ, lying dormant in the dry seed, is 
surrounded by the material of its food, the starch ; but this 
insoluble uncooked starch is not food for the germ. When 
the conditions of germ growth are fulfilled, the germ myste- 
riously produces a modicum of diastase ; this cooks or ren- 


| ders soluble the starch, which now becomes dextrin ; and 


after this, by further change, is converted into sugar upon 
which the germ feeds freely. 

The maltster uses this action by starting the germination, 
and carrying it forward until the sugar is formed ; then, by 
heating the malt, he kills the germ, and appropriates its 
ood 


The saliva 2 man and other animals converts starch into 
dextrin, and then into sugar, by a similar action, that has 
been ascribed to a rather hypothetical compound called ani- 
mal diastase, or salivary diastase. 

The chemist can easily imitate this in his laboratory, and 
convert any quantity of starch into sugar. I have not time 
to describe the process, but may add that he can do more 
than this, he can convert cellulose or woody fiber into sugar. 
Sugar may be made from linen and cotton rags, or from 
paper pulp, or even from sawdust, but, at present, it does 
nol pay to carry this out commercially. Nature does it for us 
er cheaply. 

he ripening of fruit is an example of this. The best 
pears are those which, when gathered in autumn, are woody, 
sour, and uneatable. By simply storing them for a month 
or two, they become deliciously soft and sweet. The woody 
fiber is converted into sugar, the process being probably 
aided by the acid, as the chemist uses an acid in effecting 
the metamorphosis I have just described. 

This leads me to a subject on which I have been ponder- 


| ing lately, viz., the possibility of applying the principle of 


ensilage, which is a sort of slow cookery, in the preparation 
of human food. You have beard, of course, of the ensilage 
of cattle fodder, how by storing very coarse fibrous vegeta- 
ble matter, such as pea-stalks, the stem and flags of maize, 
etc., and leaving it in a humid condition, but covered from 
the air and well pressed together, it becomes digestible and 
nutritious fodder, well appreciated by cattle. 

If I mistake not, the change which takes place in the silo 
is similar to that which occurs in the ripening pear, a par- 
tial conversion of woody fiber or cellulose into sugar. Stand- 
ing faithfully to my own subject, I may describe it as slow 
cookery, very gentle and deliberate stewing. 

I must now briefly refer to the nitrcgenous constituents 
of vegetable food, those which correspond to albumen, gela- 
tine, fibrin, and casein, and have been classed together as 
albuminoids. Gluten is one of these, and being the flesh- 
forming constituent of bread, claims first rank. If some 
wheat flour, moistened to form a dough, be wrapped in a piece 
of loosely woven linen, avd held and kneaded in running 
water, the starch granules may be washed out, until there 
remains a tenacious gluey substance. This is the gluten, 
having a composition almost identical with albumen, casein, 
fibrin, and gelatine, and a corresponding value as food. It 


| is rendered less tenacious, and more soluble by cooking. 


Peas, beans, lentils, and other seeds of leguminous plants 
yield_a somewhat different. albuminoid, legumin, so nearly 
resembling casein, that it has been named vegetable casein. 

Like animal casein it is highly nutritious, and is difficult 
of digestion. Peas, beans, etc., contain far more nutriment 
than any kind of grain, and would be practically more nu- 
tritious, weight for weight, than either grain or flesh, if this 
casein could be rendered easy of digestion. I am experi- 
menting upon it with growing prospects of success. These 
experiments have thrown a new light upon the old doggrel— 

“ Pease pudding hot, pease pudding cold, 
Pease vosding in the pot, os awe old.” 

Why “‘nine duys old” ? In these words I see a deep pro- 
phetic meaning, the foreshadowing of a great vegetarian 
future, when by the ensilage or slow stewing of the cellulose, 
and similar treatment of the casein of some of the most 
abundant of vegetables, we shall obtain many new varieties 
of food that will supersede altogether our present barbaric 
dependence upon the digestive and assimilating organs of 
sheep, cows, pigs, etc., for the preparation of our food from 
its primary source, the vegetable world. 

I find that oatmeal porridge ‘‘ nine days old” is more di- 
estible, and I believe more assimilable or nutritious, than 
reshly made porridge. My studies of pease pudding are at 

present limited, but are sufficient to indicate that this and 
pease brose may be rendered easily digestible by means of a 
sort of ensilage, when duly mixed with farinaceous or even 
fibrous vegetables, and aided by a little bicarbonate of pot 
ash. My difficulty hitherto has been mouldiness, but this is 
merely incidental, and may be prevented by better arrange- 
ments for the exclusion of air, and a more capacious silo. 

The advantages possessed by flesh food do not depend 
upon its composition, but upon its condition. This is shown 
by the following comparative statement of the chemical 
composition of the nitrogenous constituents of animal and 
vegetable food : 


Animal casein. Vegetable casein. 
2 aes exeescenss, ae 53°46 
BID n o sentsvhncessneender tae 713 
Nitrogen. .... oenkneedeseeneseeree 16°04 
Oxygen 
Sulphur }....... ccevesce cae ee 23°37 
Phosphorus 
Albumen Gluten. 
Carbon....... nebaneatees . 585 53°27 
Hydrogen....... save eet 70 717 
ak icuchies oadeos 0206s 15°94 
Oxygen 
Sulphur b ssseneeseee 840 23°62 
Phosphorus 
Animal fibrin. Vegetable fibrin. 
EE tieccaa tance ten’ ones. we 53°23 
Hydrogen........ eseccescrene 69 701 
ce +es -0nv00% leoewrens 15°4 16°41 
Oxygen ) 
Sulpbur ose eccvocdaseess 25°0 23°35 
Phosphorus \ 
Bonembesing that vegetable oils, and sugar, and starch, 
have a similar food value to fat, nothing is easier than to 


select a purely vegetable menu that shall containj in the 
same weight and bulk, exactly the same constitwents as 
any given menu including animal food , but at pyesent we 
cannot supply it in a condition so a 8 of tmilation. 
There is more work to be done after swallowing the vegeta- 
ble meal, in order to convert it into blood, than tis demanded 
by the flesh food of corresponding composition, \and conse- 
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quently some of it escapes, or the demand on our vital 
energy made to assimilate the vegetable food takes too much 
away from our other working powers. : 

Nothing is wanted here but more science applied to cook- 
ery; the problem is clearly definable and defined, and is ob- 
viously less difficult than others that science has already 
solved. 

I must conclude by simply naming some of the other nu- 
tritive constituents of vegetables, such as pecten, the jelly of 
fruits ; and the saline juices of vegetables that contain all 
that is contained in the saline juices of flesh, and are of 
similar value as completing the dietary. They are s1')ject 
to little or no change in cookery, are quite as gooc. when 
raw as after being cooked. 

In connection with this, I must again be egotistica!, by 
proclaiming another result of my own resea’ ches, viz, the 
determination of the difference between baked potatoes, 
and boiled or steamed potatoes, anu between potatoes boiled 
in their jackets, and potatoes pecied before boiling. I find 

«potash in the water in which potatoes have been boiled It 
is evident that some of the soluble potash salts of the juice 
of the potato pass out by exosmosis into the water. By 
baking them, or frying them, this is entirely prevented. 


We all kuow that there is a difference between a baked and 


a boiled potato, I attribute it mainly to this. 


As regards the grea. question of jackets or no jackets, l 


can orly speak theoretically at present. I suppose that the 
natural envelope does resist the out-going cf some of these 
saline juices, but have not yet proved it analytically. The 
highest of all practical authorities on this subject, the Irish 
peasant, has very firmly decided for himself. I have never 
seen raw potatoes in a state of nakedness in Ireland, and 
suspect that natural appetite has discovered that there is 
something in the full-dressed potato that is demanded in the 
system, just as it teaches the sailor to crave for potash food, 
as Land my fellow cheese eater did in Greece. 

For the same reason raw salads are better than boiled 
vegetables of similar composition, unless the water in which 
they are boiled is used as a potage or soupe maigre. The 
Irish demand for ‘a stone in the middie” of his potato may 
be due to the better retention of the potash by the under- 
cooked tuber. 

I must now conclude with apology for the aecessary im- 
perfections of this very short sketch of a large subject, 
which can only be treated in barest outline in three lectures. 
But the time you have spent in listening to them will have 
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not been interrupted, ague is unknown. Like a really sci- 
entific observer, Dr. Harvey has noted ail the circumstances, 
whether important or unimportant in appearance, attending 
| the presence of persistent malarial poisoning, and has become 
|convinced, notwithstanding the prejudice to the contrary 
which he at first entertained, that the character of the drink- 
ing water used has something to do with the communication 
of the fever. Nearly all the households in the infected dis- | 
trict obtain water from shallow wells, sunk a few feet into 
ithe saturated ground, and suffer from chills. One proprie- | 
tor, however, about three years ago built a cistern for rain 
| water, and has since employed the cistern water entirely for 
domestic use. During that time his family has been entirely | 
| exempt trom fever, although before the well was abandoned 
there were always one or more cases in the house, Another 
family, which had for years used a shallow well, and suf- 
| fered from continual chills, about eighteen months ago had a 
pipe well driven to a depth of about 60 feet, pevetrating 
the sandstone which underlies the region. Since the new 
well came into use, malaria has apparently forsaken the 
house, and although the inmates have suffered from other 
diseases, no case of ague has occurred among them. 





COLOR IN THE FLOWER GARDEN. 


Tue sizes of groups must be in proportion to space; my 
| border is some eighty paces long by 14 ft. wide, large enough 
| to accommodate good sized clumps of the best hardy flowers. 
| The principle of harmonious coloring will produce the large 
| effects in another way than by pan. having large groups 
of the same plant, because the ‘‘effect” is spread over the 
| whole of one mass of harmoniously colored flowers, if the 
| mass is well composed and combined. This is the very re- 
| verse of bedding, with its rigid blocks and patterns of color. 
| How to arrange the groups of plants muy be best learnt byja 
| careful study of nature. Purely natural forms of flower 
| grouping must not be looked for in fields and hedges, because 
| of the many artificial conditions brought about by cultivation, 
| but rather in old woods, riversides, and moorland. There 
| may be seen the ‘‘large effects”—a straggling mass of for- 
get-me-nots, a bed of bulrushes, a pool of white water lily, 
a copse carpet of primroses, anemones, or byacinths, a 
| stretch of gray and purple heather, a bank of gorse or 
broom, an old alder bed full of glowing marsh marigolds 
| —these are the useful natura! lessons to be learnt by beart, 


vight and morning, and, unless there was 


they were wei 
weighed less in the morn 


a rain in the night, they ay em | 
ing than at night, theloss being from one to three ounces 
for the loam and one to four ounces forthe peat. This Prof. 
Stockbridge thought indicated that the soil at night gave 
forth water, and that the moisture found on the surface of a 
field in the morning came from a deeper soil rather than 
from the air. Other similar experiments followed. In one 
a cabbage plant was inclosed in an air-‘ight tin case. Where 
the stem of the plant protruded through the top of the case, 
wax was used to make it impossible for moisture to escape 
through the leaves. The can was first kept within doors and 
weighed = +y and morving, wheuit always showed a loss dur- 
ing the night of from 1°21 grammes to 1°78 grammes. When 
left out of doors at night, with the can wrapped in cloths 
to prevent moisture reaching it, the loss was from 0°55 
grammes to 4°23 grammes, showing a loss everwhen there 
was moisture or dew on the leaves, 

These experiments, continued through the season, gave 
Prof. Stockbridge these proofs of his proposition, that the 
dew on the ground in the summer is the condensation of 
vapor that rises from the earth. 1. The vapor of the soil is 
much warmer at night than the air, and would be condensed 
by it. 2. Vapor from the soil is soon diffused and equalized 
in the whole atmosphere, but in largest proportion when 
evaporation is taking place near the surface of the soil; and, 
other things being equal, plants vearest the earth have the 
mostdew. 38. Dew under haycocks, boards, and like objects 
on the ground could receive it from no other source.—Jndua- 
trialist. 


THE LAST OF THE JEANNETTE EXPLORING 
EXPEDITION. 


With the home-coming of the bodies of De Long and bis 
companions, the history of the ill-fated) American Arctic 
— in the Jeannette comes to an end, 

While serving as navigator of the Juniata, sent by the 
Navy Department to the Greenland coast in search of Capt. 
Hall’s expedition in the Polaris, Lieutenant De Long ob- 
tained his first Arctic experience. His subsequent studies 
of Arctic affairs led him to the belief that the route by Behr- 
ing’s Straits was the most ay ee] way to the pole. He 
persuaded Mr, Bennett of the Herald that personal fame and 
much profit to science might be gained through an expedi- 





land then not copied or exactly transcribed into our gardens, 


MIS SEASON ARE PRINTED IN PLAN. 



























tion poleward under his direction aud Mr, Bennett consented 
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¥ Section of a hardy plant border, showing the arrangement of the principal plants. Bulbs and numerous other plants of small growth are not incieated in 


been well spent, if they have only awakened an interest in 
the subject, and induced you to presecute it further, by 
proving that there really is a ‘‘ scientific basis of cookery. ’ 
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THE EFFECTS OF A WARM FOOT BATH. 


In order to determine whether warm foot baths were of 
any value as a derivative in cerebral congestion, or as a 
means of inducing a congestion of the pelvic organs, Dr. 
Scioleowsky made a number of observations, noting the 
changes of temperature in the external auditory meatus, 
the axilla, andthe rectum. The duration of each foot bath 
was from fifteen to twenty minutes, and the temperature of 
the water was from 92° to 97’. He found that the tempera- 
ture rose in the axilla and external auditory meatus, while it 
fell in the rectum. The volume of the vessels in the upper 
extremities was decreased. There was an increase in the 
frequency of the pulse and in the blood pressure, These 
observations showed that the warm foot bath diminishes 
the flow of blood to the abdominal and pelvic organs, 
while at the same time there is an increased flow to the 
superficial parts. The foot bath, then, neither diminishes 
the hyperemia of the brain and its envelopes nor increases 
that of the pelvic organs. —Memorabilien, No. 7, 1883. 


OBSERVATIONS ON MALARIA. 


Dr. Harvey. of Orange, N. Y., contributes to the San#- 
tary News some interesting papers on malarial diseases, which 
he has studied as they appear around him, recording his ob- 
servations with an intelligence and freedom from prejudice 
which make them doubly valuable. Considerable portions 
of the towns of Orange, Bloomfield, and Belleville lie near 
the banks of a small stream, which is interrupted at intervals 
by mill dams. Of the families living in the valley of this 
stream, ninety per cent., according to Dr. Harvey’s estimate, 
have been afflicted with intermittent fever at some time 
within the last five years, As a partial compensation for this 
it is found that typhoid fever, consumption, and the erup- 
tive fevers are less common in the malarial district than in 
the healthier regions, but the constant prevalence of a dis- 
ease which attacks nearly all the inhabitants at short inter- 
vals, and keeps even those who escape acute symptoms un- 
der a depressing influence, is a serious calamity. Local 
opinion attributes the miasma of the valiey to the mill ponds, 
and although the mill owners strenuously deny that their 
ponds affect the health of the district, it is observed that in 
other places near by, where the water courses, although 


lying in a similar relation to the region about them, have | and exposed 


the plan, though intermixed with the larger masses. 


but interpreted in such a way as may best suit our space and 
means, This has been a valuable part of my own training, 
and I can confidently recommend it to others. Let “8S.” 
accept my assurance and claim the welcome offered to ull 
good gardeners, next June or any time between April ard 
October inclusive, and see for himself that a flower border 
with “ large effects” aud ‘‘ painted like a picture” is not 
ouly possible, but eminently practicable.—G@. J., The Garden. 


A NEW THEORY OF DEW. 
By Prof. B. F. Nrwart, A.M. 


INVESTIGATIONS which Prof. Stockbridge has made at the 
Amherst Agricultural College, upon the comparative tem- 
peratures of the soil and air, and the deposition of dew upon 
tbe earth and plants, have led him to conclusions very dif- 
ferent from those commonly received in regard to the forma- 
tion of dew. It is usually held that dew is the moisture of 
the air, condensed through contact with objects of a lower 
temperature, and that itdoes not form until radiation has 
reduced the temperature of the earth and other objects below 
that of theatmosphere. The experiments referred to seem to 
indicate that as regards objects in the immediate vicinity of 
the earth at least, the process is the converse of this, viz., 
that the dew is the result of condensation by the air of warm 
vapor as it rises from the soil. The course of experiments 
from which this novel scientific theory was deduced is as 
follows: 

The basis of the theory is the discovery that in summer the 
average temperature of the earth at night is greater than 
that of the atmosphere. The temperature of the earth in ap 
inclosed space on a level with the surrounding soil, and the 
temperature of the air, were taken at the warmest time of 
day and the coldest time of night for several months, and the 
average temperature of the air for the season was found to 
be 72°94°, and that of the soil 72°061°; but the average tem- 
perture of the air at night was 49°664°, and that of the soil 
56°37°, the earth thus averaging at night over 6° warmer 
than the atmosphere. The temperature of the soil and air 
at night was also taken at various points within ten miles of 
the college, on all kinds of grass land and bare soil, and in 
the forest, and the same facts were obtained, the soil being 
at all times warmer at night than the air. 

These results led to experiments on dew-fall. Two boxes, 
each of a cubic foot capacity, were filled with soil without 
disarranging its strata, one receiving absorbent, retentive 
loam, and the other t. These boxes were placed in a 

[a level 


to meet all the costs of the venture. A vessel named the 
Pandora, a bark rigged screw steamer of 420 tons burden and 
80 horse-power: engine, was purchased for the Herald expe 
dition and renamed the Jeannette. Built originally for a 
British naval dispatch boat, in 1864, she had been specially 
strengthened for Arctic service by her late owner, Sir Allen 
Young, and had made three successful trips to Arctic waters. 
Her bows were solid, and her floor was sharply wedge-shap- 
ed, to cause her to be lifted when nipped by heavy ice. 
Her bottom and bilges were extra planked, and her frames 
and beams were of heavy timber. To prepare her still more 
thoroughly for severe ice service, her ability to withstand a 
crushing force was increased just before she sailed by the 
addition of three double-trusses and hanging knees, each 
beam ten by twelve inches, with a large stanchion in the 
center, These facts are mentioned here for the reason that 
while such precautions did not save the vessel from the fate 
they were intended to prevent, they still kept her afloat 
many months after a weaker vessel would bave found the 
bottom of the sea. 

The scientific equipment of the Jeannette was fairly good 
and included (besides the usual apparatus for meteorological 
and climatic observations, surveying, tidal observations, and 
£0 on) a movable observatory with a large telescope, abun- 
dant photograplic apparatus and materials, a powerful 
electric light, and two hundred miles of telephone wire, with 
instruments for keeping Sn with exploring 
parties at a distance from the ship. 

When she sailed from San Francisco July 8, 1879, the 
Jeannette was manned by eight officers and a crew of twenty- 
five. The officers were, as Commander, Lieut. George W. 
De Long, U.8.N., born in New York. aged 35; Executive 
Officer, Lient. Charles W. Chipp, U.8.N., of Kingston, N. 
Y., aged 30; Navigator, Lieut. John W. Danenhauer, ws. 
N., of Chicago, aged 30; Surgeon, Passed Asst. Surgeou James 
M. M. Ambler, U.S.N., of Virginia, aged 31; Engineer, 
Chief Engineer George W. Melville, U S.N. of New York; 
Scientist, Jerome J. Collins, a native of Ireland, 38 years of 
age; Naturalist and Taxidermist, Raymond L. Newcomb 
of Salem, Mass., aged 29; Ice Pilot, William Dunbar, o 
New London, Conn., aged 45. Like the officers, the men 
were all in the prime of life, and able to bear hardships. 
Two letiers were received from Mr. Collins before the 
Jeannette left St. Lawrence Bay for the pole, the last date 
being August 27, 1879. The subsequent history of the ves- 
sel is compactly told in the officin! report of Chief Engineer 





trench in an open fie with the surrounding und 
to the weather. ~ Through the month of June 





‘On September 3, 1879, came up with the ice, and on 
4th sighted Herald Island. Continued to work through 


Melville, one of the survivors. He says, iu part: we 
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ice until the 6th day of Septem ber"Wfen we became firmly 
fixed in the ice. On September 13 an attempt was made 
to land on Herald Island, but it was unsuccessful, and the 
traveling party returned to the ship on the 14th. We con- 
tinued to drift with the ice toward the northwest, and on 
October 21 sighted Wrangell Land, bearing south. We 
continued fast in close packed ice until November 25, 


is in regard to the quantity of this silicate and its accessi- 
bility. 

This mine of alumina forms the foot wall of the Exchange 
silver mine, and is of great thickness, as the bottom of it has 
not yet been reached, nor any limiting boundaries, except 
the ledge above. My attention was first called to it by see- 
when, after several days’ severe crusbing of the ice and nip- | ing a painter using it as a white paint for his dwelling, and 
ping of the ship, she was forced inte open water and drifted | noticing the pure white covering of the wood. It mixes 
northwest without control unti] the evening of the same | readily with hot water, and forms a very smooth, soft white 
day, when we brought up against a solid floe piece and made | paint—differing very much from lime by retaining its con- 
fust, where we again froze in and remained until the vessel | sistency more as paste instead of settling—and thus admits 
was eventually destroyed. of giving the surface a perfect covering at one brushing. 

‘Long and dreary months of close confinement to the| From what I saw of it when used as a whitewash, I would 
ship and anxiety for her safety continued until May 17, | infer that when properly ground with oil it might be found a 
1881, when we were enlivened by our first sight of land | cheap substitute for white lead, and in pure whiteness fully 
since March, 1880, when we lost sight of Wrangell Land; | equal to it, and possibly retain its pure whiteness longer than 
and as no land was laid down in any chart in our possession, | the other, as aluminum is a metal less easily tarnished by ex- 
we concluded it to be a new island. This island was seen | posure than silver. As a paint alone this may yet evrich its 
when we were in latitude 76° 43’ 20° north, longitude 161° | owners, as the salt, soda, and borax beds, that for years were 
east. The island was named Jeannette Island, though not | unvalued, are now producing large revenues to their owners. 
landed upon. Its position was latitude 76° 47’ north, longi- | So may these great resources for a very valuable metal soon 
tude 158° 56 east attract the parties who may have the knowledge and the 

“The ship and ice continued to drift to the west and | financial ability to utilize this rich deposit. Some claiming 
northwest, the whole ice field being broken up in all direc- | practical knowledge say this will, with the proper additions, 
tions. On the night of June 10 several severe shocks were | produce the finest of porcelain ware. If the residue after 
felt, and the ship was found to have raised several inches in | taking out the metal can be used either as paint or for por- 
her bed. There was evidence of an approaching break-up | celain, it is in that case enhanced much in its value. 
of our friendly floe piece. At ten minutes past twelve a. M., It isa very valuable metal where lightness or non-corrosive 
June 11, the ice suddenly opened alongside the ship, com-| properties are essential. It gives many valuable alloys, as 
pletely freeing her, and she floated on an even keel for the | with copper, ‘giving aluminum gold; with silver, bismuth, 
first time in many months, ete., giving non-corrosive bronzes, some of which are espe- 

‘“‘ The ice continued in motion, but no serious injury oc-| cially valued for marine fittings and appliances, or for any 
curred to the ship until the morning of the 12th, when the | mac 1inery exposed to corrosive agents. 
ice commenced to pack together, bringing a tremendous These bronzes are susceptible of being rolled down to nice 
strain on the ship, heeling her over to starboard, and forcing | gauge work, and make elegant cups, vases, covers, knives, 
the deck seams open. This continued during the day at forks, and almost all kinds of household metallic wares. In 
intervals until evening, when it was evident the ship could | many respects it is superior to silver in its resistance to the 
not much longer hold together. The boats were lowered on | action of various chemicals. It has been much used in the 
the ice, and provisions, arms, tents, alcohol, sledges, and all | manufacture of very delicate balances, and assay scales, 
necessary equipment fora retreat securely placed on the 
floe. By six Pp. m. the ship bad entirely filled with water 
and lay over ut an angle of about twenty-two degrees, being | 
kept from sinking by the opposing edges of the floe. On 
the morning of the 13th day of June, about four o'clock, the | 
ice opened and the ship went down with colors flying at the 
masthead. Latitude 77° 154 north, longitude 157° east.” 

The expedition was now afloat, without a ship, five hun- 
dred miles from the nearest point of the mainland of Asia. 
During the next six days, spent on the ice in organizing a 
system of retreat, the party drifted rapidly to the northwest, 
During the first week of their march southward the ice drift 
carried them back so rapidly that the last day found them! Aluminum 
twenty-four miles further from land than when they started. | Steel ; 
Tien they gained a little, and on June 29 they made Bennett | Wrought iron 
Island, a new island 76° 37° north latitude, 148° 21' east) Bronze 
longitude, where they landed. Two months more were ex- | Cast iron 
hausted in reaching the New Siberia group of islands, They 
left the last of the islands to cross the open water to the | 
mouth of the Lena River September 12, 1881. When within | 
fifty miles of the shore the three boats lost sight of each 
other in a violent gale and dense fog. There were two cut- 
ters and a whaleboat, containing respectively ¢ 

First cutter—Lieut. De Loig, Dr. Ambler, Collins, Nin- 
derman, Noros, Erickson, Kaach, Drissler, Gortz, Lee, Iver- 
son, Boyd, Alexei, Ah Sam. 

Second cutter—Lieut. Chipp, Capt. Dunbar, Sweetman, 
Warren, Jobnson, Star, Sharwell, Kuehne. 

W haleboat—Engineer Melville, Lieut. Danenhauer, New- 
comb, Jack Coles, Bartlett, Leach, Lauterbach, Wilson, 
Mansen, Steward, Aniquin. 

The whaleboat reacbed the eastern mouth of the Lena 
September 29, 1881. The water was shoal, and the party 
had to abandon their boat and wade two miles through icy 
water to land. A desperate journey of a bundred miles 
and a month’s duration was made up the river before the 
party were stopped by ice, fortunately not far from a small 
hamlet, where they found shelter. 

Of the second cutter, with Cbipp’s party, nothing has ever 
heen heard; most probably the boat was swamped and all 
were drowned the first nigit of the separation. 

De Long’s party reached the north mouth of the Lena in 
safety, struggled forward hopefully, finding for a time 
plenty of game, but strangely neglecting to make provision 4 
for the future in their eagerness to reach settlements before 
all possible progress should be stopped by the closing in of 
winter. Owing to their imperfect charts, the ill-fated wan 
derers missed a considerable settlement by only a day’s 
march; then plunged into a desolate region, where all but 
two perished of cold and starvation. The two, Ninderman 
and Noros, who had been sent forward October 9 as the 
strongest of the party to find belp, fell in with natives 
October 24, and were saved. 

The story of the fatal march of the others, of the thwarted . 
efforts of Melville to find and relieve his wandering com- | . a i Qeee aes 
panions, of the anxious waiting for returning spring, and the CHANGE OF VOLUME OF METALS AT MELTING. 
renewed search which led up to the finding of the frozen Herr E. WrepeMaNN has made a series of experiments 
bodies of De Long and the rest, March 24, 1882, is too | on the expansion of volume at melting point, and the rela- 
lengthy to be retold here. Altogether it makes one of the | tive rates of cooling of tin and certain alloys of bismuth and 
saddest chapters of the history of Arctic exploration, a his- | jead. The results of these experiments were communicated 
tory so replete with disappointment and disaster. to the Annalen der Physik und Chemie, and have been abstract- 

Most of the scientific records of the expedition were lost. | ed for the January number of the Journal of the Chemical 
Even had all been saved, there would have been little to | Society, from which we quote: 
show for so great a cost of men and material. The dilatometer method was employed. 


in comparison with some of our common metals: 
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The most valuable experiments and successful practical 
results pertaining to the extraction of this metal have been 
attained im France, and from the Paris Aluminum Society 
the principal supply of this metal is obtained. 
| processes and experiments. have. been kept earc!ylly as se- 
crets, but parties claiming to be infétfmed expTain ft in these 
words: 

‘*A given quantity of alum and pitch, which are first finely 
pulverized and mixed together in a calcining furnace, by 
which means 38 per cent. of water is driven out, leaving the 
sulphur, potash, and alumina with oxide of iron. The cal- 
cined mixture is then put into vertical retorts, and steam 
and air are forced through, which leaves a residue of potash 
and alumina only. This residue is afterward piace in a 
vat filled with warm water, which is heated with steam. 
Potash is thus leached out and alumina left as a deposit. 
The potash liquor is then run off, boiled down, while the 
alumina precipitate is collected in sacks and dried. 
ready for making chloride of aluminum,” 

Alumina déposit thus obtained contains about 84 per cent 
of pure alumina, while that which is obtained by the old 
process of precipitation has only 63 per cent. 

The constituents of Mr. Webster’s alumina deposit, as ana- 
lyzed by Professor Jones, are given: 


20; alkaline salts. 1°62. 

In order to complete the process and convert it into alu 
minum (the metal), the chloride of aluminum is treated with 
| sodium in order to withdraw the metal. 

If this bed of rich aluminum clay will verify these repre- 
sentations as to quantity and assay value in metallic per- 
centage, it will yet command the attention of foreign scien- 
tists and men of capital, if the State of Nevada, with its 
School of Mines, cannot give it proper attention.—Min. and 

| Sei. Press. 


The substance 


The bodies of De Long and his ten companions left Ham- | was inclosed in a closely fitting glass cylinder, at the upper | 
; “tr Be - . ; ] § 
burg in the steamer Frisia February 5, 1884, for New York, | end of which was fixed a capillary tube. The most conve- | 


in charge of Lieut. G. B Huarverand Master W, H. Schuetze, | nient liquid for filling the apparatus was found to be oil, 
of the search expedition. | which has the advantage of not evolving air when heated to 
= = 200 degrees; moreover, it does not beg an pe seme a 
7 — ry vapor tension at that temperature. ren heated above that 
ALUBINUM IN NEVADA. point, the oil attacks the metal. The rate of cooling was 
Tue Stock Exchange mine is situated about 200 yards west | determined by beating the metal to 260 degrees in an iron 
of the Navajo mine. The ledge is about 8 feet thick, and | vessel. A thermometer protected by a glass cap filled with 
traceable for a long distance without excavating. As yet it | oil was inclosed within the molten mass. The whole appa- 
is only prospected to the depth of 45 feet, and se far, the as-| ratus was then immersed in a double walled metallic vessel, 
says in gold and silver are low grade sulphide ore. No/| the intermediate space between the walls being filled with 
drifting has been done, There is some water already in the | water. The intervals of time required for cooling 5 degrees 
shaft. were carefully measured; the reciproca) value for these 
Passing through the ledge proper, the gold and silver bear- | times may be taken as a measure for the velocity of cooling 
ing vein, they encounter a large body of aluminum ore—a of the metal. 
very fine quality of porcelain clay, containing 85 per cent. | on melting, expanded in volume 1°76, 1°69, 2°20 per cent. 
silicate of alumina, as reported by an analyst. | These results are in direct contradiction to those of Nies 
Mr. E. M. Laferty, the locator, has a certificate of assay | and Winkelmann, who melted a large quantity of the metals 
made by Prof. Price, of San Francisco. giving in 106 parts | and then dropped in-a solid fragment of the same metal and 
of the ore assayed by him 19°48 parts of metallic alumina, or | observed whether this fragment floated or sank. But the 
nearly 20 per cent. of metal, 398°6 pounds per ton of ore, | author points out that in this method it would be exceed- 
which is generally quoted at about $2 per pound, or $779.20) ingly difficult to avoid convection currents, which would be 
value. liable to carry up the solid fragments to the surface in the 
These figures look large for value to exist in a fine, pure center of the vessel. 
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| Experiments also proved that soft solder expands almost 
|2 per cent. of its volume in melting. An alloy of bismuth 
jand lead, corresponding to Pb,Bi of sp. gr. 11°4, begins to 
|show an increase of expansion at about 120-136 degrees, 
| which reaches its maximum at 180 degrees. When heated 
, to 240 degrees and allowed to cool, the temperature remained 
| constant for long intervals of time at 180 degrees and 125 
degrees, the two melting points of the alloy. BiPb, sp. gr. 
11°03, expands abnormally between 126 degrees and 132 -. 
grees, melts at 146 degrees and 125 degrees. PbBiz, sp. gr. 
10°96, expands abnormally between 126 degrees and 132 de- 
grees, melts at 140 degrees and 124 degrees. PbBi,, sp. gr. 
¥-73, expands most markedly between 120 degrees and 136 
| degrees, melts at 125 degrees and 200 degrees. PbBig, sp. gr. 
| 8°6, melts partially between 125 degrees and 130 degrees, 
| contracts between 172 degrees and 204 degrees; its melting 
points are 170 degrees and 120 degrees. 

The results of these experiments show that these alloys 
contain a definite compound of composition between PbBi 
and PbBis, whose melting point is about 125 degrees, and in 
| which the excess of one metal, lead or bismuth, as the case 
muy be, dissolves. For equal increments of temperature, 
|the proportion of the metal dissolved rapidly increases. 
From the changes of volume at temperatures above the first 
| melting point, one can conclude whether the metal in excess 
}expands or contracts on melting. The experiments would 
seem to indicate an expansion of lead and a contraction of 
| bismuth, a result in accordance with previous observations. 
|For example, the alloy PbBi, consists of an alloy of low 
melting point, in which the excess of bismuth dissolves; if 
| it be gradually warmed to 120 degrees, the alloy and the ex- 
cess of bismuth expand regularly. At this temperature the 
jalloy melts with marked expansion, and contains the solid 
bismuth ia suspension; above that point, the bismuth grad- 
ually dissolves and melts. 
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